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FOREWORD - 


THE subject of television may be now said 
to be a “live” one. It has passed out of 
the region of merely imperfect or curious 
laboratory experiments, which attract only 
the professed physicist or experimenter, into 
that of practical demonstration. 

Hence it has begun to interest the general 
public, who attach no great importance to 
purely scientific investigations or new phe- 
nomena, but only to that which possesses in 
their view a practical value—by which they 
mean contributing to the convenience of life, 
or to its amusement, or to the dissemination 
of information and news. 

In the history of all such inventions as the 
telephone, wireless telegraphy, and television, 
we find two stages of development. There 
is first an idea and the more or less unsuccess- 
ful approach to a realisation of it. Then 
some inventor, such as a Bell, a Marconi, or a 
Baird, makes an invention or discovers a new 
device, often very simple, which at one stroke 
opens up a new pathway to accomplish- 
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ment; апа after that progress becomes 
assured and rapid. When once the right clue 
has been obtained, definite achievement is 
often a matter of systematic experiment and 
financial expenditure. 

There can be little doubt that such a clue 
has been obtained to the solution of the 
problem of transmitting to a distance, either 
by wire or by wireless, the image of moving 
objects, as contrasted with the already solved 
problem of the reproduction of a photograph 
or picture at a distant place. 

True television means being able to see, by 
electrical methods of transmission, the repro- 
duction on a screen of the image of moving, 
living, or stationary objects which are at a 
great distance from the observer. 

It is therefore convenient at this stage to 
have information collected in a single volume 
which deals with the history of unsuccessful 
or previous researches as well as with the 
appliances which have led to success in 
solving the problem. 

This information is scattered about in 
periodicals and proceedings not very acces- 
sible to the general reader. Mr. Dinsdale has 
therefore performed a very useful service in 
collecting it in this book, which is at once 
interesting, informative, and historical. 

He gives the bulk of his space to the 
achievements of Mr. J. L. Baird, but he does 
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. not neglect to do justice to the work of 
previous or contemporary workers. 

The special problems which enter into the 
solution of the general problem of television 
are dealt with chapter by chapter. 

The reader who comes to the subject with- 
out much preliminary knowledge of physics 
wil have no difficulty in understanding the 
nature of the appliances and the difficulties 
involved in television. 

Broadly speaking, the problem of tele- 
vision is as follows: Every object illuminated 
by light reflects irregularly from each small 
area of its surface rays of light of a particular 
intensity and wave-length depending on the 
nature of the surface. Disregarding the so- 
called colour of the surface, which determines 
the wave-length of the reflected light, we 
have a certain intensity of light reflected from 
each small patch of the surface of the object. 
By means of a device called a photo-electric 
cell, we can make this light received on it 
produce an electric current which is pro- 
‘portional to the intensity of the light; and 
therefore to the brightness of the patch in 
the object from which it proceeded. 

This current can in turn be made to vary 
the brightness of the glow on a plate in a 
certain kind of lamp called a neon lamp, and 
the image of a small piece of this glowing 
plate can be projected on a screen. 
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The problem then resolves itself into one 
of exact timing. We have to select in turn 
every little patch of the object and produce 
on the receiving screen other little patches 
of light which are exact imitations in bright- 
ness and relative position of those selected 
in the object. 

The patch of light on the receiving screen 
is made to run to and fro so as to cover in 
turn every point on a little screen, varying 
in brightness as it moves. If the complete 
excursions of this spot of light are completed 
in less than one-tenth of a second, then, owing 
to the persistence of vision, or the lingering 
of an impression made on the retina of the 
eye for a short time, we see the reproduced 
image as a whole, whether the object is at 
rest or in motion, and hence achieve tele- 
vision. 

So far the result has been the more or less 
perfect, but recognisable, reproduction of the 
face of a human being by means of electric- 
current transmission or electric-wave trans- 
mission by wireless at distances up to 3,000 
miles or so, as described by Mr. Dinsdale. 

The great obstacle to wireless television 
lies not so much in the television apparatus 
itself, as in the disturbances caused by fading, 
Morse signals, atmospherics, and other causes 
which mutilate also wireless broadcasting of 
speech or music. 


FOREWORD xi 


The overcoming of these obstructions is, 
however, largely a matter of the amount of 
power employed in the transmitter. 

What the public chiefly wish to know is 
whether it will ever be possible for us to 
receive and see in our own homes the repro- 
duction of distant events, such as the King 
going in State to open Parliament, or the 
exciting finish of the Derby race, just as we 
can at the present time hear by wireless the 
description by speech of such events. It 
may be said at once that there is no inherent 
impossibility in it; all inventions require 
time for their ultimate development and per- 
fection. | 

Television now іп 1028 is very much іп 
the same stage of progress as wireless tele- 

aphy was about the year 1000 or тоот. 

ut it may not take nearly so long to bring it 
to practical perfection because many of the 
problems involved have been already solved. 

Meanwhile there are other side lines of 
invention which seem to promise more im- 
mediate commercial results. 

Just as in the modern electric-cut gramo- 
phone records the electric current from a 
microphone is made to actuate the cutting 
chisel on the soft, or master record, and 
yield the records which can reproduce the 
music or speech, so also we can use, as Mr. 
Baird has done, the amplified current from 
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the photoelectric cell of a television trans- 
mitter to move this chisel and so impress on 
the disc a record of an image instead of a 
sound. By means of a suitable televisor this 
record can then be reproduced as a visual 
image. Also, we can at the same time 
record a sound or speech. 

The problem of synchronising this speech 
and image in reproduction is very much 
assisted by all that has been done in solving 
the same kind of problem for the so-called 
“ talking films " for the picture palace, so as 
to present not only moving representations 
of theatrical performances, but to enable 
the performers to be heard speaking as well. 

It is not at all impossible that before very 
long we may be able to buy records which 
can reproduce on a gramophone and tele- 
visor screen not only the song of a singer 
but the sight of his or her face and smile 
as well. 

There are also important possibilities con- 
nected with Mr. Baird's invention of “ Nocto- 
vision," in which the invisible infra-red rays 
from a lamp are utilised for television and 
other purposes. 

It is therefore a convenience to have set 
out, as Mr. Dinsdale has well done, the pre- 
sent state of these inventions, and to under- 
stand exactly where we stand in regard to 
their completion. 
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Hence, this book may be recommended to 
those who desire an all-round view of the art 
of television as it exists at present, and of 
the problems and difficulties which still face 
the inventors in this novel field of adventure. 

It should be added that this Foreword 
is written purely from a scientific point of 
view, and is not to be taken as expressing 
the writer's opinion that practical commercial 
achievement will necessarily follow on the 
lines above indicated. 

J. A. Е. 


July 1928. 
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PREFACE TO SECOND EDITION 


WHEN the first edition of this book appeared 
two years ago, it enjoyed the distinction of 
being the very first book to devote itself 
exclusively to the new science of television. 

Since the first edition was published, how- 
ever, so much work has been done on tele- 
vision, and such giant strides have been made 
in its development, both in this country and 
abroad, that it has been felt necessary to 
bring the book up-to-date. 

The original work was written in a popular 
non-technical manner, with the object of 
interesting the man in the street, and giving 
him as clear an idea as possible what tele- 
vision actually is, the difficulties which have 
so long delayed its practical accomplishment, 
and the methods and apparatus which have 
been made use of by the various scientists 
who have interested themselves seriously in 
the subject. 

It is felt that the first edition has achieved 
its object. Great interest is now being 
manifested in television, and many experi- 
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menters have been attracted to this virgin 
field of scientific endeavour. 

In revising the first edition, therefore, I 
have not only endeavoured to include an 
accurate account of the work which has been 
done during the past two years ; I have also 
made the entire book somewhat more tech- 
nical, and enlarged it, with the object of 
making it useful to the amateur investigator 
as well as interesting to the average scien- 
tifically minded reader. 

A. D. 
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CHAPTER I 
INTRODUCTION 


W* of the present generation are living 
in a most marvellous age, but how 
many of us pause for a moment to dwell 
upon this fact ? It is to be feared that very 
few of us do, for, together with its host of 
scientific marvels, this age, like all others, 
has its concomitant disadvantages. All is 
rush and hurry, a scramble for a mere 
existence, which wears away our energies 
and occupies our time to the almost total 
exclusion of all else. 

The last thirty years have seen the growth 
and popularisation of a host of scientific 
wonders, outstanding examples of which are 
the cinematograph, the gramophone, the 
telephone, wireless telegraphy and telephony, 
the aeroplane, and the airship. 

No one but a Jules Verne could have 
visualised, a hundred years ago, that to-day 
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we would be able, by means of a simple 
instrument to be found in every business 
office and a very large number of homes, to 
converse freely with friends and business 
associates across both continents and oceans. 
Yet, to-day, this can be done with such ease 
that we accept the fact as part of our everyday 
lives, and think no more of it. The same 
applies to all our other marvellous modern 
inventions. 

Fresh discoveries in *the field of these 
inventions awaken but slight interest in 
us; they are being made every day with 
such frequency, and over such a wide range 
of endeavour, that we have neither the time 
nor the interest to follow them in detail. 

The latest scientific marvel, television, has, 
however, succeeded in overcoming what might 
be described as our scientific indigestion and 
awakening keen interest, both in technical 
and in non-technical circles. 

As there are still many persons who have 
but a hazy idea of what television really is, 
in spite of all that has been written about the 
subject recently, it may be as well at this 
point to define the word and describe its 
meaning. 

The word “ television " is derived from the 
Greek word tele, which means “ata distance," 
and the Latin verb video, “ Isee." Television 
literally means, therefore, ''seeing at a dis- 
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tance." Ц has been described also as '' seeing 
by wireless," but as we may, by means of 
television, also see by wire, and as the basis in 
each case is a form of telegraphy, we might 
better describe television as '' seeing at a dis- 
tance by telegraphy.” 

In the interests of a pure language, philo- 
logists may not like the word “ television," 
because it is derived from two different 
languages. But it has been coined, and is 
now in everyday uff, so, we venture to think, 
it will continue to be used. 

Television, in the stage of development 
which it has reached to date, may be described 
as а science ог an art. Strictly speaking, 
however, although it may come to be recog- 
nised as such, it is not а science. It is а 
combination of practices known to several 
sciences and arts. Mechanics, optics, chem- 
istry, electricity, and even wireless have 
all contributed their quota of knowledge, 
which, properly applied, has resulted in the 
achievement of television. It is but one more 
instance of the fact, rapidly being recognised, 
that the various branches of science are not 
so widely separated and independent as it 
was formerly customary to believe them to be. 

When Graham Bell first discovered the 
telephone his fellow-scientists dubbed it an 
“interesting toy," and let it go at that. 
No one but the famous inventor himself was 
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able to foresee the usefulness of his discovery 
and its enormous potentialities for service 
to mankind. 

Such is the general lot of pioneers. Too 
often their work is not appreciated at its 
full value until they have long since departed 
from this world. In the case of the more 
fortunate, even they have to contend with 
public scepticism and apathy, and perhaps 
opposition, before the general public finally 
acquires а sufficient knowledge of the latest 
invention and its potentialities to accept and 
make use of it. Unless this happens within 
the lifetime of the inventor, there is no profit 
in the business of inventing—at least, not 
for him. 

Let us consider for a moment, therefore, 
the significance and potential usefulness of 
television. Granted that we can see what is 
happening at a distance, instantaneously, 
as it happens, how can we make practical 
use of this ability ? 

One of the a vital factors in the progress 
of the human race, from the beginning of 
time, has been communication. It is of the 
utmost importance to us that we should be 
able to establish communication with our 
fellow-men, and one of the earliest methods 
of doing so, and still the most effective, is 
by word of mouth. 

It is not by word of mouth only that we 


1. L. BAIRD'S ORIGINAL TRANSMITTER, BY MEANS ОЕ WHICH НЕ 
FIRST ACHIEVED REAL TELEVISION. 

The apparatus is on view at the Science Museum, South Kensington. (For 

description see pages 73-76.) 
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communicate with our fellow-men, however. 
It is not generally realised what a great part 
is played in oral communication by facial 
expression. Shut your eyes, or talk to a 
man in pitch darkness, and the intelligence 
conveyed by facial expression will soon be 
missed. 

Consider the telephone. Apart from the 
physical deficiencies of the instrument, it is 
surprising how often failure fully to grasp 
the distant speaker's import is due to our 
inability to see him. Thus, when we en- 
deavour to receive a communication by tele- 
phone, we have to rely upon but one of our 
senses, that of hearing. 

Similarly, take the “gags” of certain 
comedians. The actual words they use, when 
set down in cold type, appear to be as flat 
as the proverbial pancake. But when the 
“put them over” the footlights, simul- 
taneously with appropriate facial expressions, 
they produce roars of laughter amongst the 
audience. 

So potent is facial expression, in fact, that 
it is quite possible to produce roars of laughter 
without saying a word. This is demonstrated 
daily in every cinema, where amusement, 
drama, and education are conveyed to the 
audience by appeal to one sense only, that 
of sight. 

In the fields of radio broadcasting and 
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gramophone entertainment we revert to con- 
ditions similar to those under which we labour 
when conducting a telephone conversation. 
We hear what is going on in the broadcasting 
studio or what has been impressed on the 
record, as the case may be, but the visualisa- 
tion of the scene in the studio has to be left 
to our imagination. For this reason there are 
a large number of music lovers who would far 
rather go personally to a musical performance 
than listen to a reproduction of it by the 
most perfect of radio receivers or gramo- 
phones. 

It is evident, therefore, that when it comes 
to communicating human intelligence over 
a distance, sight is as important a factor as 
hearing, if not more so. 

There is surely an important application in 
the field of communication, therefore, for any 
device which will reinforce our receptive 
powers by enabling us to utilise the sense 
of sight as well as that of hearing, when 
we endeavour to communicate over great 
distances. | mE 

That is the future position of television in 
the scheme of human affairs. 

By means of it we shall one day be able to 
see as well as hear the man at the other end 
of the telephone line. We shall be able to 
see as well as hear what is going on in the 
studio of the broadcasting station; апа 
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instead of waiting for а verbal description in 
the newspapers of events of national import- 
ance, or listening to the sounds of it as broad- 
cast, we shall be able actually to see a repro- 
duction of the event on a screen as and while 
it is actually taking place. 

For many years inventors in many lands 
have been striving to accomplish these things. 
In the succeeding chapters we shall see some? 
thing of the many methods which have been 
tried, and just how much success has been 
achieved. 


СНАРТЕК П 


THE SELENIUM CELL. THE HUMAN ТЕІЕ- 
VISION SYSTEM. THE EXPERIMENTS OF 
RIGNOUX, FOURNIER, AND RUHMER 


A? was explained in the last chapter, “ tele- 
vision " means seeing what is happening 
at a distance while it is actually happening. 

Over short distances, provided no other 
objects intervene, this is done daily with the 
naked eye. Over greater distances it is 
possible to see what is happening with the 
aid of a pair of binoculars or a telescope, 
But no human eyesight, even with the assist- 
ance of binoculars or telescope, will enable us 
to see through brick walls, or from our arm- 
chair at home to see the Prime Minister 
speaking in the House of Commons. 

We can, of course, see a photograph after- 
wards of the Prime Minister in the act of 
speaking ; and if this photograph were to be 
transmitted to us by wireless or land-line 
telegraphy, instead of being sent through the 
post, this would be “ u gea pay It 
is not television. 
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As the word itself suggests, phototelegraphy 
concerns itself solely with the transmission 
by telegraphy of “ still ” pictures, and тау 
be said to bear the same relationship to 
television as the magic-lantern does to the 
cinematograph. 

Novelists have had no doubt as to the 
meaning of '' television." In countless books 
the miracle of seeing what is actually happen- 
ing elsewhere is treated as an accomplished 
fact, and embodied in the story. Actually, 
it is only very recently that the miracle has 
been achieved. 

The history of television forms one of the 
romances of modern science, and it may be 
said to date from the discovery of the light- 
sensitive properties of selenium. 

. Before these properties were known, 
selenium was used in telegraphy to provide 
the high resistances necessary, for selenium, 
unlike most other metals, offers an enormous 
resistance to a current of electricity. It was 
this property which led to its use in the 
Atlantic cable-receiving station in the village 
of Valentia, on the south-west coast of 
Ireland. | 

It so happened that one afternoon sixty 
years ago (in 1873, to be precise) the operator, 
a Mr. May, noticed that his instruments were 
behaving in a strangely erratic fashion. It 
was a day of brilliant sunlight, and the sun's 
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rays, shining through the window, occasion- 
ally shone upon the selenium resistances. 
Every time this happened, Mr. May noticed 
that the needle of his instrument moved. 

The light-sensitive properties of selenium 
were thus discovered accidentally by an 
obscure telegraph operator, and when the 
discovery was communicated to the scientists 
of the day it created widespread interest. It 
opened up enormous possibilities by giving 
a means of turning light into electricity, and 
many scientists were quick to predict that 
selenium would provide an electric eye to 
supplement the electric ear which the then 
recently invented telephone had just given 
to them. 

There was, however, a serious difficulty to 
be overcome, and over fifty years had to 
elapse before the solution was found. This 
was the difficulty: Whereas the human eye 
sees а whole scene in a single comprehensive 
glance, it is not possible for selenium to 
achieve the same result. 

Perhaps the simplest way to make the 
matter clear is to consider that very perfect 
television apparatus, the human eye, with 
its connecting nervous system. А section of 
the eye is shown in Fig. 1. 

The eye itself may be compared to a 
camera. It has a lens and a screen, the lens 
throwing upon the screen an image of the scene 
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before the eye. This image has to be con- 
veyed to the brain, and Nature's method of 
solving her television problem has formed the 
basis of many of the first television schemes. 

When the human screen (which is called 
the retina) is closely examined, its surface is 
found to consist of a mosaic made up of an 


Fic. 1.—A SECTION OF THE HUMAN EvEg-—NATURE'Ss TELEVISION 
APPARATUS. 


The lens À projects an image of the scene on to the retina, R, the 
cells of which convert light into impulses, which are conveyed to the 
brain by the nerve channels, O. 


enormous number of hexagonal cells. Each 
of these cells is directly connected to the 
brain by a number of nerve filaments, along | 
which travel impulses the intensity of which 
is dependent upon the intensity of the light 
falling upon each hexagonal cell. 

Exactly how these impulses are generated 
is not at present fully understood, but they 
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are almost certainly due to the presence of a 
light-sensitive substance, known as visual 
purple, which constantly flows through the 
hexagonal cells. | 

The images which we see are thus built up 
of an extremely fine mosaic of microscopic 
hexagons of varying degrees of light and shade. 
The number of these cells is stupendous, 
there being several millions in the normal 
human eye. 

The early television experimenters en- 
deavoured to construct artificial eyes by 
substituting selenium for visual purple and 
building an artificial retina out of a mosaic 
of selenium cells, each of these cells being 
connected by wires to a shutter. 

For every selenium cell used there was a 
shutter, and each shutter was arranged to 
open when light fell upon the particular cell 
connected to it. Ав each shutter opened it 
allowed a spot of light to fall upon a screen 
at the receiving end of the circuit. In this 
way each selenium cell controlled a spot of 
light, the image being produced by a mosaic 
formed of these spots. 

Apparatus modelled on these lines was 
actually made by severalinventors. Rignoux 
and Fournier, two French scientists, con- 
structed such a machine in 1006. This 
apparatus was intended only to demonstrate 
the principle, and had no pretensions towards 
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being an instrument for the actual accom- 
plishment of television. 

The transmitter consisted of a wall covered 
with selenium cells, sixty-four fairly large 
cells being used. From each of these cells 
two wires ran to the receiving screen, which 
was made up of sixty-four shutters, each 
shutter being controlled from its respective 
selenium cell. Thus, when any given cell 
at the transmitting station was brilliantly 
illuminated, it sent a strong current over the 
two connecting wires to the receiving station, 
where it caused the appropriate shutter to 
open so that light could shine through on to 
the corresponding рагі of the receiving screen. 
By covering the transmitting wall with large 
stencils, images of letters of the alphabet were 
transmitted and could be recognised at the 
receiver. | 

Ernest Ruhmer, whose brillant pioneer 
work in connection with wireless telephony is 
so well known, also constructed a similar 
apparatus, and many other workers have been 
attracted to this system. However, the 
thousands of cells, shutters, and wires neces- 
sary made the practical adaptation of such 
schemes entirely out of the question, and an 
endeavour was made to solve the problem 
in quite a different manner. 

The suggested alternative was to divide the 
scene up into a great number of small parts 
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and then transmit it section by section to the 
receiving end, where the scene was to be 
reassembled again like the pieces of a jig-saw 
puzzle. The entire operation was to be carried 
out so rapidly that the effect upon the 
observer would be the same as that of an 
instantaneous glance by direct vision. 

Imagine, for example, that by means of a 
lens an image of the object or scene to be 
transmitted were to be thrown upon a ground- 
glass screen, just like the focusing screen of a 
camera. Imagine this image divided up 
into thousands of little squares like a chess- | 
board, each one of these little squares being 
dark or light, depending on what part of the 
picture it belongs to. 

Now we have to send this picture over a 
wire or wireless circuit. For the sake of an 
example, let us assume that there are 1,000 
squares numbered 1, 2, 3, 4, 5, 6, 7, etc., up to 
1,000 ; then if we send a series of messages, 
I dark, 2 light, 3 light, 4 dark, etc., to an 
assistant at the receiver who has before him 
a board divided also into r,000 squares, and 
if he makes his squares light or dark as 
directed, he will build up a mosaic similar 
in all respects to that on the ground-glass 
screen at the transmitting end. 

Now, in this operation, we looked at each 
little square at the transmitting end, and our 
eye told us whether it was dark or light. If, 
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instead of using our eyes, we passed a light- 
sensitive cell over the squares, it would send 
out a series of electrical impulses which would 
be strong or weak in accordance with the 
lightness or darkness of the squares. 

If, at the receiving station, we had, instead 
of a human assistant, a mechanical device 
which would direct а narrow beam of light 
from a lamp on to each square of the receiving 
board in turn, at exactly the same time as 
the cell at the transmitting station passed 
over the corresponding square on the ground- 
glass screen; and if, further, the intensity 
of the light was arranged to be controlled by 
the varying current from the cell, then each 
square of the board at the receiver would in 
turn be illuminated with a brightness corre- 
sponding to the brightness of the same square 
on the transmitting screen. 

If this entire operation were to be carried 
out at least eight times per second, then the 
observer would see on the receiving board, 
not a moving light-spot of varying intensity, 
but the whole image at once, giving the effect 
of an instantaneous glance. 

The fact that the moving light-spot is not 
visible as such is due to the phenomenon 
known as retentivity of vision, whereby an 
image, once impressed upon the retina of the 
eye, takes an appreciable interval of time to 
fade. Thus, at the cinema, what we actually 
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see is sixteen complete pictures per second, 
but retentivity of vision deludes us into 
believing that what we actually see is a single 
smoothly flowing picture. 

Upon the principle described above, a 
great number of television devices have been 
evolved, and it is to development along this 
mi of research that success was ultimately 

ue. 


-- 


СНАРТЕК ПІ 


VARIOUS ATTEMPTS ТО SOLVE THE PROBLEM. 
SZCZEPANIK, ROSING, MIHALY 


I? is not necessary to weary the reader 
with detailed descriptions of all the 
apparatus which has been devised from time 
to time for the accomplishment of television. 
It is only necessary here to give the details 
of a few of the machmes developed by the 
earlier workers, in order to convey a general 
idea of the methods which have been tried. 
In succeeding chapters we will go further 
into the details of apparatus of more modern 
design which has actually proved successful 
in operation. 

It is, however, necessary to pay tribute to 
the efforts of the early workers, who, although 
unable themselves to achieve success, laid 
the foundations upon which, later on, the 
ue genius of their successors was to 

uild. 


Fig. 2 illustrates one of the most repre- 
sentative and suggestive of the early television `- 


schemes, due to Jan van Szczepanik. 
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Fic. 2.—SZCZEPANIK's TELEVISION APPARATUS. 


X = Object to be transmitted. A = First vibrating mirror. 
В = Second vibrating mirror. С = Selenium cell. D = Magnet 
controlling light spot. E == Source of light. F = Vibrating mirror. 
а = Vibrating mirror, H = Synchronising coil supplying alternating 
current to J and K. J = Magnet controlling B. 
trolling F. L = Magnet controlling А. М = Magnet controllin 
O = Synchronising coil supplying alternating current to L an 
Y = Received image. 
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K = Magnet con- 
M. 


JAN VAN SZCZEPANIK I9 


Referring to the diagram, the light reflected 
from the object to be transmitted, X, is 
focused by means of a lens firstly on to the 
mirror, А, which is maintained іп a state of 
rapid vibration by the electromagnet, L. 
From А the beam of reflected light is reflected 
again on to the mirror В, which is kept 
vibrating at a much slower rate by 
the electromagnet, J. This second mirror 
vibrates at right angles to the first one. The 
combined action of these two mirrors causes 
the beam of light containing the image to 
traverse the aperture of the light-sensitive 
cell, C, in a zig-zag path. 

In order to make the action clear, let us 
consider the action of the camera. If the 
lens is opened, and a ground-glass screen put 
in position instead of the sensitive plate, an 
image of the scene before the camera appears 
on the screen. 

In the television transmitter, an image of 
the scene, X, appears in exactly the same 
manner on the first mirror, A. 

The combined action of the two vibrating 
mirrors is the same as if we could, in some way, 
take the focusing screen of the camera, with 
the image of the scene still showing on it, and 
rapidly move it to and fro in a Zig-zag path 
across the aperture of the light-sensitive cell, 

If we did this, it is clear that eventually 
the aperture of the light-sensitive cell would 
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have looked at, or scanned, the entire surface 
of the ground-glass screen. That is to say, 
it would have scanned the entire image 
visible thereon, and been influenced by the 
degree of lightness or darkness of parts of the 
image which passed it. 

At the receiver the operation is exactly 
similar to that of the transmitter, only the 
light-sensitive cell is replaced by the light, E. 
А beam from this lamp is first focused on to 
a vibrating mirror which is controlled by the 
magnet, D, which, in turn, takes its supply 
current from the electrical impulses sent to 
the.receiver by the light-sensitive cell at the 
transmitter. 

Thus, the intensity of the light reflected 
from this first mirror depends upon the deflec- 
tion of the armature, and this deflection, as 
explained above, depends upon the strength 
of the current arriving from the transmitter. 

lhis varying light beam is then reflected 
on to the vibrating mirror, F, and from thence 
to the third vibrating mirror, G. As in the 
case of the transmitter, these two latter 
mirrors vibrate at right angles, thus giving 
to the light beam a double movement ; one a 
rapid to-and-fro motion, imparted by the more 
rapidly vibrating mirror; the other a more 
gradual movement downwards, imparted by 
the mirror which vibrates at the slower speed. 

The resultant action of the apparatus is 


[Pho:o courtesy General Electric Co., U.S.A. 
ANOTHER FORM OF PHOTOELECTRIC CELL. 
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that the beam of light is spread over the screen, 
Y, moving rapidly to and fro across it, and 
slowly down from top to bottom. Since the 
light beam is varying in intensity, due to the 
action of magnet, D, it follows that the 
intensity of illumination of different parts of 
the screen will be different, corresponding 
exactly with the light and shade of the scene 
at the transmitter. The entire action takes 
place so rapidly that, to the eye of an observer, 
the screen appears to be continuously illu- 
minated with the image being received. 
That is the general arrangement of 
Szczepanik's apparatus, but successful results 
were never achieved with it. Two insuper- 
able obstacles to success remained. One of 
these was that a suitable light-sensitive device 
was not available ; the other was the difficulty 
of synchronism, i.e. arranging for the mirrors 
at both transmitter and receiver to vibrate 
exactly in synchronism, or in step with each 
other. Unless the mirror systems at both 
ends of the circuit operate at exactly the same 
speed, successful results cannot be obtained, 
for the received picture becomes hopelessly 
muddled up. | 
Another device of a more interesting 
character is that suggested in 1907 by Boris 
Rosing, a Russian Professor. His trans- 
mitting arrangement was similar in many 
respects to others, but his receiving device 
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was very original, in that it dispensed alto- 
gether with mechanical parts, and used, 
instead, a cathode-ray tube. 

Prior to the publication of Rosing's arrange- 
ment, Mr. A. A. Campbell Swinton had sug- 
gested the use of the cathode ray both for 
the transmitter and the receiver. 

The cathode ray is a form of electrical dis- 
charge which occurs when electricity at very 
high potential is forced through a very high 
vacuum. The rays can be produced in the 
form of a thin pencil-like stream, and if 
directed on to a special form of fluorescent 
screen, they can be rendered visible. 

Cathode rays have the important char- 
acteristic (from a television standpoint) that 
they are capable of being moved, or diverted 
from their path, in any direction, either 
magnetically or electrically. The rays have 
no weight, and therefore no inertia, and there 
is thus no limit to the speed at which they can 
be caused to move about. 

When the rays strike a plate of fluorescent 
material, a brilliant spot of light is produced, 
so that by using cathode rays in conjunction 
with a fluorescent screen, we get a receiving 
device which is capable of responding at 
practically any speed. 

Rosing's arrangement is shown in Fig. 3. 
At his transmitter he used two mirror 
polyhedrons revolving at right angles to 
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each other. These are shown in the diagram | 
at D and C. | 

Тһе combined motion of these mirror 
caused an image of the object to be trans- 
mitted, А (focused on to C through the lens, 
B) to be swept across the aperture of the 
photoelectric cell, H. Тһе action of the 
image-scanning mechanism was in all respects 
similar to the one previously described in 
connection with Szczepanik's apparatus. 

The varying current impulses from the cell, 
H, were transmitted to the receiver, where they 
were caused to charge two condenser plates, 
L, in the cathode-ray tube. The fluctuating 
charge impressed on these condenser plates 
caused the cathode ray to be deflected away 
from the aperture, M, placed in its path, and 
the amount of the ray which passed through 
the aperture was thus made proportional 
to the potential of the plates, ie. to the 
degree of light and shade in the original scene. 

Having got through the aperture, M, the 
ray then struck the fluorescent screen, N. 
The manner in which the ray was caused to 
bend to and fro, thus covering the entire 
screen, was quite ingenious. 

The revolving mirror polyhedrons carried 
magnets which revolved with them. These 
magnets acted upon groups of fixed coils, 
set close to the polyhedrons, setting up alter- 
nating currents in them. Two alternating 
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currents were generated in this way, one of 
them by one revolving polyhedron, and the 
other by the second polyhedron. Both cur- 
rents were sent along separate pairs of wires 
to the receiver, where they were arranged to 
energise two electromagnets, K and J, one 
of which gave to the cathode ray vertical 
movement, while the other gave to it hori- 
zontal motion. 


Fic. 4.—DrTAILS оғ MruALv's OscILLOGRAPH. 


In more recent years Denoys von Mihaly, 
of Vienna, has been experimenting with an 
apparatus which, although very complex, is 
nevertheless of interest. 

The principal feature of this apparatus is 
the image-scanning mechanism. This takes 
the form of a system of very small oscillating 
mirrors, having an area of one square milli- 
metre, or less. The arrangement is shown in 
detail in Fig. 4, where the mirror, P, is fixed 
to a loop of extremely fine platinum wire, S. 
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The diameter of this supporting wire is of the 
order of ‘or mm., and it is stretched between 
the poles of a powerful electromagnet, NS. 
This arrangement is a form of the well-known 
Siemens oscillograph. 

The transmitting apparatus is shown in 
Fig.5. Thelenses А and B reduce in area the 


ТШ 


Fic. 5.—MruHALY'S TRANSMITTING APPARATUS, 
The object to be seen at the receiver is placed in front of the lens, a, 


image of the picture which is to be trans- 
mitted, and project it on to the small oscillo- 
graph mirror, D. This mirror oscillates at a 
frequency of 500 vibrations per second, and 
is set in oscillation at this speed by means of 
а 500-cycle alternating current which is 
caused to flow through the fine platinum 
suspension wire. 

The same mirror also vibrates at a much 
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slower frequency in a plane at right angles 
to that of the 500-cycle oscillation, the slower 
vibration being imparted to it by means of 
the lever connecting it to the phonic wheel, 
G. This wheel, or drum, is driven by the 
electromagnet, H, which, in turn, receives 
its alternating current supply from the tuning 
fork, I. This tuning fork vibrates at a 
frequency of тоо per second, and the drum, G, 
which it is responsible for driving, rotates at 
a speed of 300 revolutions per minute. 

The revolving drum and tuning fork form 
part of the synchronising apparatus, further 
details of which will be given in the chapter 
devoted to synchronism. 

The manner in which the image of the scene 
to be transmitted is broken up into its com- 
ponent picture elements is as follows. The 
reduced image projected on to the oscillating 
mirror is reflected therefrom on to the screen, 
E. This reflection 16 approximately the same 
size as the original image, on account of the 
“swing,” or divergence of the light rays 
which results from the oscillations of 
the mirror. 

In the middle of the screen, E, there is an 
aperture approximately one millimetre wide, 
which runs the full length of the screen, or 
diaphragm. Behind this aperture is placed, 
in the Mihaly apparatus, a selenium cell, and 
the action of the mirror causes the complete 
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image of the scene to traverse the cell in 
one-tenth of a second. 

As already stated, the drum, revolving at 
300 revolutions per minute, oscillates the 
mirror in one plane, ie. at the rate of 5 
vibrations per second. It is oscillating in 
a plane at right angles to this motion at 500 
vibrations per second. 

Therefore, in one-tenth of a second, while 
the mirror makes 50 oscillations in a vertical 
plane, half an oscillation is made in a horizontal 
plane. This means that the image is swept 
across the aperture leading to the selenium 
cell in 50 horizontal lines, which are drawn 
across the screen, E, one below the other. The 
I-millimetre aperture in the screen ensures 
that each line, instead of striking the selenium 
cell all at once, does so from one end to the 
other, in r-millimetre graduations. 

The current from the selenium cell, Se, is 
amplified and sent to the receiving station. 

The receiving equipment, shown in Fig. 6, 
is somewhat similar in arrangement to the 
transmitter. The same forms of tuning-fork, 
I, phonic drum, G, and oscillograph mirror, 
D, are used. Instead of a selenium cell, there 
is in the receiver a so-called ''light relay," 
which is the device which converts the in- 
coming picture current fluctuations into light 
fluctuations, which are spread over the 
receiving screen, T. 
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The light relay consists of a very sensitive 
bifilar oscillograph of special design. The 
arc lamp, O, through a system of lenses, pro- 
jects a narrow but extremely intense beam 
of light on to the mirror, P, of the oscillo- 
graph. The fluctuating picture current from 
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the transmitter is conducted through the fine 
wire supporting the mirror, and as this wire is 
in the field of the electromagnet, Q, the 
mirror is deflected in direct proportion to 
the strength of the current flowing through 
its supporting wire. | 
This deflection causes more or less of the 
light beam to fall on the aperture, E, all the 
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beam passing through it when the received 
current is strong (indicating a brilliantly 
. illuminated section of the scene at the trans- 
mitter), and only a very small portion of it, 
or none at all, when the received current is 
weak, or nil. 

When no current is passing through the 
suspension loop of mirror, P, the narrow beam 
of light reflected from the mirror is projected 
close to the diaphragm aperture, E, but no 
light passes through it. 

Ав soon as a current flows, causing a deflec- 
tion of the mirror, some of the light beam 
passes through the aperture and falls on to 
the second oscillograph mirror, D. This 
mirror, through the agency of the tuning fork 
phonic wheel combination, and a 500-cycle 
alternating current, vibrates in exactly the 
same manner, and in step with its counter- 
part at the transmitter. Thus, by means of 
the reflected light falling upon the vibrating 
mirror and being reflected on to the screen, 
T, the picture is reproduced. 

In spite of the ingenuity of the above 
arrangement, television could not be achieved, 
due, partly, to the unsuitability of the 
selenium cell as a means of converting light 
into electricity ; but principally to the fact 
that the optical system is incorrect. Mihaly 
describes his oscillograph mirror as being 
“a thin flat mirror." Referring to Fig. 4, 
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if the mirror, D, has a plane surface, no 
image will be reflected on to the screen, E, 
but only a blur. 

The difficulty of the light-sensitive device 
has been the stumbling block over which, 
until recently, all television experimenters 
have tripped, and in the next chapter we shall 
devote some space to a consideration of light- 
sensitive devices in general. 


CHAPTER IV 
LIGHT-SENSITIVE DEVICES 


Г wil be interesting, at this stage, to 

consider the principal barrier which has 
prevented so many television schemes from 
achieving success. The vast amount of re- 
search work which has been done in this field 
can only be appreciated by those who have 
made an intimate study of the subject ; and 
it seems at first sight strange that a problem 
which, on paper, appears to be comparatively 
simple, should have proved so infinitely 
baffling in practice. 

We have seen, in the preceding chapters, 
that one of the most vital factors in all tele- 
vision schemes is the light-sensitive cell, whose 
duty it is to transform light impulses into 
electrical impulses. 

All light-sensitive devices depend for their 
action upon what is known as the “ photo- 
electric phenomenon." This phenomenon has 
been subdivided into two distinct types, 
photo-conductivity and photo-emissivity. 

The first of these was originally discovered, 

32 


[Photo courtesy General Electric Co., U.S.A. 


DR. ALEXANDERSON, OF THE GENERAL ELECTRIC СО. (U.S.A.), 
POINTING TO THE SEVEN LIGHT SPOTS THROWN ON THE SCREEN 
BY THE SEVEN-SPOT PROJECTOR REFERRED TO ON PAGE тоо. 
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as described in Chapter II, by a telegraph 
operator, who noticed that when sunlight 
fell on some resistances made of the metal 
selenium, the needle of his instrument moved. 

This discovery led to a detailed investiga- 
tion of the phenomenon by the leading 
scientists of the day, notably Willoughby 
Smith, with the result that the fact was 
established that so long as selenium is kept 
in darkness its resistance to electricity is 
extremely high. Ав soon as it is exposed 
to light, however, its resistance drops very 
considerably. 

This fact established, efforts. were imme- 
diately made to make use of selenium as a 
means of transforming light into electricity, 
and for this purpose special devices, known as 
selenium cells, were constructed, the usual 
method of manufacture being as follows. 

Two wires, spaced about -5 mm. apart, аге 
wound simultaneously over a flat piece of 
insulating material. These wires do not make 
contact with each other at any point. А 
coating of amorphous selenium is then spread 
over the wires, filling the spaces between them, 
and a heat treatment is then applied which 
has the effect of turning the selenium into the 
grey crystalline form which has been found to 
be most sensitive to light variations. 

The method of construction is shown in 
Fig. 7. 
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An average cell made up in this manner has 
an electrical resistance (between the ends of 
the two wires over and between which the 
selenium is spread and baked) of between 
60,000 and 100,000 ohms. By illuminating 
the cell with a 16-с.р. incandescent lamp 
placed at a distance of 1 metre, its resistance 
drops to approximately 30,000 or 40,000 ohms, 
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or about half the resistance of the cell when 
it is in darkness. 

The theory of the action of a selenium cell, 
or any other cell belonging to the photo- 
conductivity class, is that electrons are 
liberated from the molecules within the 
substance by the action of light, and these 
electrons are recombined again when the cell 
is no longer exposed to light. These processes, 
especially .that of recombination, take a 
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certain definite time to occur, thus giving rise 
to the well-known time-lag of the selenium cell. 

It is this time-lag which makes the selenium 
cell totally unsuitable for television purposes, 
for in television, a light-sensitive device is 
required which will respond instantaneously 
to the light impulses which fall upon it. As 
will be seen later, these impulses fall on the 
cell at the rate of many thousands per second, 
and such speeds are hopelessly beyond the 
ability of selenium to respond to. 

Apart from selenium, a number of other 
metals exhibit the property of photo-con- 
ductivity, notably thalium sulphide, which 
is the substance used in the “ Thalofide ” cell. 
This is similar in its properties to the selenium 
cell, but is said to be more constant and 
reliable in operation. 

The phenomenon of photo-emissivity was 
first discovered in 1888 by Hertz, who found 
that when light fell upon a spark gap the 
electric discharge passed more readily, i.e. 
the resistance of the gap was reduced. This 
effect was investigated by another German 
scientist named Hallwach, who discovered 
that the effect was located at the negative 
pole of the spark gap. 

Further investigations by subsequent 
workers disclosed the fact that all metals, 
under the influence of light, emit electrons, 
but the effect is more pronounced in the case of 
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metals belonging to the so-called alkali group, 
such as rubidium, potassium, and sodium. 

By making use of this effect a new type of 
light-sensitive cell, known as the photo- 
electric cell, was developed. This type of 
cell consists essentially of a plate of one of the 
three metals mentioned above, enclosed in 
a high vacuum and connected to the negative 
pole of a battery or other source of high nega- 
tive potential. This plate forms the cathode 
of the cell, the anode consisting of a loop of 
Wire or wire gauze facing the cathode. 

The potential used to operate the cell is 
usually of the order of 200 volts. In some 
cases, where the containing bulb of the cell 
is filled with a gas at low pressure, the potential 
used should not be great enough to cause a 
glow discharge. In the case of a cell filled 
with neon gas, this optimum potential is of 
the order of about 175 volts. 

Besides neon, helium has also been used, 
and a rubidium cell in an atmosphere of 
helium is a common combination. Potassium 
and helium is also a popular arrangement, and 
gives one of the most sensitive forms of cell. 

А common circuit arrangement for use in 
conjunction with a photoelectric cell is given 
in Fig. 8. 

Photoelectric cells are chiefly sensitive to 
light rays belonging to the violet end of the 
spectrum, and are almost totally insensitive 


| Photo courtesy Westinghouse Electric Co., U.S.A. 


V. K. ZWORYKIN, OF THE WESTINGHOUSE ELECTRIC CO., WITH HIS 
COMBINED PHOTOELECTRIC CELL (upper part) AND THERMIONIC 
VALVE (lower part). 
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to red or other rays at the lower end of the 
spectrum. 

Selenium cells, on the other hand, are very 
responsive to red rays, and insensitive to rays 
belonging to the upper end of the spectrum. 


SENSITIVE 
COATING 


10-15 м, 


Fic. 8.—Circuit DIAGRAM OF А PHOTOELECTRIC CELL AND ASSOCIATED 
EXTERNAL CIRCUIT. 


When light falls on the cell a current flow will be indicated by the 
sensitive galvo, G. | 


The selenium cell gives a vastly greater 
current qutput under the influence of light 
than any form of photoelectric cell. Whereas 
the latter, when illuminated, will give a 
current of only a few microamperes, the 
ordinary selenium cell will give a current 
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which can be measured in milliamperes. 
Special large selenium cells have actually been 
constructed which will pass a current of т 
ampere, such enormous cells being used in the 
Cox Selenium Relay, employed in cable work. 

Photoelectric cells, as already mentioned, 
depend for their action upon photo-emissivity. 
That is to say, under the action of light the 
cathode emits electrons. Since the velocity of 
electrons is of the same order as that of light, 
i.e. about 186,000 miles per second, it follows 
that the response of the photoelectric cell will 
be, to all intents and purposes, instantaneous. 
This proves to be the case, so that it would 
appear, at first glance, that the ideal light- 
sensitive cell for television purposes is ready 
to hand, and many workers seized upon it 
with avidity as a solution to their difficulties 
in connection with light-sensitive devices. 

They were doomed to disappointment, 
however, for, as previously stated, the output 
of a photoelectric cell is of the order to a few 
microamperes only. Attempts have been 
made to amplify the output to the required 
extent by means of thermionic valve ampli- 
fiers, but the degree of amplification necessary 
to achieve results in television is so great 
that even modern amplifiers cannot satis- 
factorily attain it. 

Valve amplification can only be pushed to 
a certain limit, beyond which difficulties 
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appear in the shape of parasitic noises due to 
battery irregularities, irregularities in electron 
emission from valve filaments, etc. These 
parasitic irregularities, which can be heard as 
noises if listened to, take the visible form, in 
television, of white spots, lines, and bars, 
occurring with such frequency on the receiving 
screen as to mar or totally obscure the 
received image. 

In an effort to overcome the low output 
handicap of the photoelectric cell, V. K. 
Zworykin, of the Research Department of the 
Westinghouse Electric Co., devised an in- 
teresting form of cell which incorporates 
within the same glass bulb the elements of a 
three-electrode valve. 

The lower portion of the bulb contains the 
valve elements, whilst the upper half, which 
is screened from the valve portion by a light- 
tight partition, contains the photoelectric cell. 
The light-sensitive substance used in the cell 
is potassium hydroxide, and this is spread in 
the form of a coating over one inner side of 
the upper part of the glass bulb. 

The valve filament 1s of the oxide-coated 
variety, which operates without perceptible 
glow. By using such a filament, no unwanted 
light from this source can reach the light- 
sensitive coating of the cell. 

With this arrangement, using a hard valve, 
Zworykin claims to be able to obtain an out- 
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put of x milliampere. For higher outputs 
a type of 4-electrode valve is used, using the 
first grid as an anode with a low potential 
of the order of about 30 volts positive. The 
second grid is connected in orthodox fashion, 
and the plate has a positive potential of the 
order of 150 volts impressed upon it. By a 
proper choice of spacing between electrodes, 
and grid mesh, it is possible to obtain a good 
relationship between the degree of illumina- 
tion and current output within certain limits. 

It is claimed that a continuous current 
output of 5 milliamperes has been obtained 
with the 4-electrode valve combination, the 
limiting factor being the heat developed 
within the photoelectric cell. Since alkali 
metals are highly volatile, overheating of the 
cell causes distillation of the metallic coating, 
which condenses upon the transparent glass 
and insulating parts. It was stated, however, 
when this development was first made public, 
that this difficulty can be remedied to a great 
extent by improved construction. 

Other devices which might be classed as 
light-sensitive devices are the bolometer and 
the thermopile. These are not sensitive to 
light, as such, but register any rise in tempera- 
ture due to it; and light, such as sunlight, 
may be detected by the rise in temperature 
caused when it falls upon such instruments. 

The bolometer consists essentially of a strip 
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MR. BAIRD SEATED BEFORE ONE OF HIS EARLY TRANSMITTERS. 


Note the powerful illumination required, which is referred to on page 146. 
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of very thin metal foil, usually platinum. 
When this strip is subjected to heat its resist- 
ance increases, so that if it 15 connected in 
series with a sensitive galvanometer the 
deflection of the latter gives a measure of 
the temperature rise, and, consequently, of the 
intensity of the light which gave rise to the 
temperature increase. 

The thermopile takes advantage of the 
fact that if two different metals are placed in 
contact, and the junction is heated, a small 
electric current is generated, the voltage 
depending upon the temperature of the 
junction. This device may be used indirectly 
to measure light intensity in the same manner 
as the bolometer, but neither form of instru- 
ment is sensitive enough to render it suitable 
for television purposes, and both are far too 
slow in their response. 

Summing up, we find that selenium, while 
sensitive enough for television purposes, is 
far too slow in its response. The photo- 
electric cell, on the other hand, is practically 
instantaneous in its response, but it is lacking 
in sensitivity. 

By using a photoelectric cell, however, 
many workers succeeded іп transmitting 
shadowgraphs, or silhouettes of objects placed 
before the transmitter. In this case the 
question of the sensitivity of the cell is not 
of such importance, for it can be directly 
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illuminated by a beam of light which may be 
as strong as we care to make it. As the 
object the shadowgraph of which is to be 
transmitted is interposed between the source 
of light and the photoelectric cell, all the latter 
has to do is to distinguish between a strong 
direct light and a dark shadow. 

When transmitting shadowgraphs the 
illumination of the cell by the light source is 
direct ; in television it is indirect. That is to 
say, when true television is to be accomplished, 
the source of light must be arranged to shine 
directly on to the object to be transmitted. 
Then the amount of light which reaches the 
photoelectric cell is that which is reflected 
back from the object on to the cell. 

To those unacquainted with the subject 
there may not appear to be any particular 
significance in the above explanation, but the 
importance of it will be realised when it 
is explained that the total amount of light 
reflected from an object such as the human 
face, when it is illuminated by lamps of a 
thousand candle power, is less than that of 
a single candle. Furthermore, owing to the 
image-scanning process which occurs in tele- 
vision, whereby the image is subdivided into 
thousands of tiny pieces, or elements, only an 
infinitesimal fraction of this already very 
small amount of light reaches the cell at any 
given instant. 


СНАРТЕК У 


THE TELEVISION EXPERIMENTS OF MM. BELIN 
AND HOLWECK IN FRANCE, AND MESSRS. 
JENKINS AND MOORE IN AMERICA 


JN recent times the problem of television 

has been taken up seriously by Mr. J. L. 
Baird in this country, MM. Belin and Holweck 
in France, Mr. C. Francis Jenkins in America, 
and, more recently still, by the American 
Telephone & Telegraph Co. It is proposed to 
devote this chapter to an account of the work 
done by Messrs. Belin and Jenkins. 

M. Belin (whose name is well known in 
connection with phototelegraphy), working in 
conjunction with M. Holweck, of the Radium 
Institute, Paris, has, it is stated, succeeded 
recently in sending shadows of simple objects. 
A diagrammatic outline of the apparatus used 
is given in Fig. 9, from which it will be seen 
that the arrangement of the transmitter is 
not unlike that of other systems. 5 

Essentially the transmitter consists of two 
little vibrating mirrors, E and F, one placed 
above the other. The lower mirror, E, of 
very narrow width, oscillates vertically at 
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a frequency of 500 cycles per second. The 
upper mirror, which is somewhat larger, 
oscillates horizontally at about ro vibrations 
per second. 

А beam of light from the arc lamp, А, passes 
through the system of lenses, B, the aperture 
in the diaphragm, C, the lens, D, 'andi impinges 
upon the lower vibrating mirror, E. From 
this mirror the beam, oscillating vertically 
500 times per second, is reflected on to the 
top mirror, F, which is vibrating horizontally 
IO times per second. The resultant action 
is that from the upper mirror there is reflected 
a beam of light oscillating at two different 
frequencies, the planes of the two sets of 
oscillations being at right angles to one 
another. 

If this beam were now projected upon a 
screen, the 500-cycle oscillation would cause 
it to traverse the screen continuously from 
right to left and back again from left to right ; 
but as the beam is at the same time under the 
control of the ro-cycle oscillation, the 500- 
cycle lines, instead of being traced one on 
top of the other, will be drawn one below 
the other, as the 10-cycle oscillation steadily 
moves the beam in à downward direction. 
The entire screen would be illuminated in this 
way in one-tenth of a second, so that it would 
appear to an observer to be fully and con- 
tinuously illuminated. 


[Photo courtesy Genera! Electric Co., U.S.A. 


AN EXPERIMENTAL FORM OF TELEVISION RECEIVER 
MADE BY THE GENERAL ELECTRIC СО. (U.S.A.). 


The figure on the right is pointing to the motor which drives the disc. 
In his other hand he holds the manual control by means of which the 
receiver motor is kept running more or less in step with the trans- 
mitter mechanism. On the lower shelves are the batteries and 
amplifier. The neon tube is on the top shelf. See page 108. 
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А screen has been mentioned in the above 
explanation so that the reader may grasp 
how the light beam is caused to cover such 
a surface, and with what rapidity. 

In the Belin apparatus the place of this 
screen is taken by an object the shadow out- 
line of which it is desired to transmit, or by 
the lantern slide, G. Passing through the 
slide, the beam of light, made strong or weak 
in accordance with the transparent or opaque 
portions of the slide, is directed through the 
lens, H, which concentrates the fluctuating 
light beam on to the photoelectric cell, K. 

The output of this cell is amplified and sent 
to the receiver, where it is caused to control 
the intensity of a cathode ray. The cathode- 
ray oscillograph which is used in this 
| тағ is the work of М. Holweck. 

his oscillograph, the external details of 
which are shown in Fig. 9, is very similar in 
arrangement and operation to the cathode- 
ray tube already described in connection with 
Boris Rosing's experiments, although the 
details of the construction of the Holweck 
instrument are somewhat different. These 
details are shown in Fig. 10. 

Above the filament, E, is placed a grid, G, 
which is a circular plate with a hole in the 
centre. Above this is a disc of similar form 
which acts like tha anode or plate of a 3- 
electrode valve. This plate also has a hole 
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in the centre, and over the hole is fitted a 
little copper tube. This arrangement con- 
centrates the electron stream from the fila- 
ment into a thin pencil-like discharge. 
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Fic. 10.—THE HOLWECK APPARATUS. 


A, B = Fluorescent screen on which the electron stream, C, Traces 
a line of light. D = Concentrating coil. E = Filament. F = Plate. 
G = Grid. H = Terminals for the supply circuit. 


The filament is brought to the correct 
electron emission temperature by means of a 
2-volt battery. The varying input potential 
(ie. the amplified output of the photoelectric 
cell of the transmitter) is applied between the 
grid and the filament. The plate voltage 
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required is 1,500 volts, which is supplied by 
a special battery. 

When this instrument is in operation, 
there is produced between the filament and 
the plate a stream of electrons which is 
* canalised " in the vertical tube, which is 
surrounded by the little concentrating coil, 
D. The action of this is to concentrate the 
stream of electrons into a very fine ray which 
is rendered visible when it strikes the fluores- 
cent screen, AB, placed in the upper part of 
the oscillograph. The entire apparatus shown 
in Fig. ro is kept in a high degree of vacuum 
by means of a Holweck molecular pump. 

The action of the incoming current from the 
transmitter is to cause a disturbance in the 
normal emission of electrons, a disturbance 
which corresponds exactly with the variations 
of the modulated current at the transmitter. 
This disturbance is similar to that which takes 
place within a 3-electrode valve when a 
varying voltage is impressed upon the grid. 
A positive charge on the grid attracts some 
of the electrons, thus reducing the number 
of them which reach the plate. The grid of 
the cathode oscillograph acts in the same way, 
increasing or diminishing the total number of 
electrons which reach the fluorescent screen, 
in accordance with the current variations 
received from the transmitter. 

The luminous point produced оп the 


[Photo courtesy Philips Lamps Ltd. 


A TYPICAL FORM OF NEON TUBE, SUITABLE 
FOR TELEVISION PURPOSES. 
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A TYPICAL FORM OF NEON TUBE, SUITABLE 
FOR TELEVISION PURPOSES. 
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oscillograph screen varies in intensity in exact 
agreement with the beam of light falling 
upon the photoelectric cell at the sending 
station. If the point is kept fixed on the 
screen, its variations in intensity are very 
apparent. 

We now arrive at the question of how the 
pencil of rays is caused to move to and fro 
across the fluorescent screen to reproduce the 
image. 

As is well known, an electron stream can 
easily be diverted from its course by means 
of a magnetic field. This is demonstrated 
very clearly, in the oscillograph under con- 
sideration, by the small coil, D, which 
* canalises " the electron stream. When the 
coil is not excited the stream of electrons 
fills the copper tube, but when a current is 
switched on to the coil the stream is con- 
tracted and the trace which it produces on the 
screen shrinks up until it 15 only a tiny 
brillant point. To achieve this tiny point is 
really the object of providing the coil, D. 

If an ordinary bar magnet is brought near 
the oscillograph, the point of light on the 
screen will move away from it. If the magnet 
is removed, the point of light will return to the 
centre again. 

Thus, in order to cause the cathode ray to 
bend to and fro across the screen, in sympathy 
with the action of the vibrating mirrors at 
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the transmitter, it is only necessary to arrange 
two electromagnets at right angles to each 
other, so that the cathode ray is within the 
field of both of them. These magnets are 
shown in Fig. 9 at N and O. One of them is 
supplied from the same alternating current 
source which supplies the 500-cycle mirror, 
while the other is supplied from the same 
source as the ro-cycle mirror. 

From what has been said above it will be 
seen that each of the magnetic fields will have 
the effect of displacing the cathode ray in 
exactly the same way аз the visible light 
beam is displaced by the oscillating mirrors 
at the transmitter. Ав this displacement is 
effected by means of the same current which 
drives the mirrors, it follows that synchronism 
will be obtained between the transmitter and 
receiver ; but, of course, it is necessary to 
send the two alternating currents (500 cycles 
and ro cycles) to the receiver as well as the 
picture impulses. Three separate channels 
are therefore necessary. 

In the Holweck oscillograph the cathode 
ray, instead of being allowed to strike the 
screen directly, is first bent round by means 
of a prism. This is done for convenience, so 
that the screen, instead of being in a hori- 
zontal position on top of the instrument, is 
fitted at an angle to the vertical which makes 
it easy to observe. The arrangement can be 
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seen in Fig. 9, at P, the zig-zag lines indicating 
the track of the cathode ray as it moves to and 
fro across the screen to construct the image. 

In the United States Mr. C. Francis Jenkins, 
who, like M. Belin, is well known in con- 
nection with phototelegraphy, has also suc- 
ceeded in sending shadows, working in 
collaboration with Mr. Mac- 
Taggart Moore. 

The Jenkins apparatus is of 
considerable interest by virtue 
of the fact that the optical 
system for scanning the image 
to be transmitted is of an 
entirely novel character. In 
the television systems so far 
described, light beams have 
been bent and moved about 
by means of mirrors. А prism, 
however, wil also bend a 
beam of light. Aware of this | о, rus Јек. 
fact ; Jenkins cast about for xıns Prismatic Disc. 
some means of causing the 
beam also to oscillate, and his solution of the 
problem, known as the Jenkins Prismatic 
Disc, represents an entirely new contribution 
to optical science. 

One of these prismatic discs is illustrated 
іп Fig. іі. It consists essentially of a disc 
of thick glass, the outer edge of which has 
been ground into the shape of a prism, the 
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section varying gradually and continuously 
round the circumference, so that at one point 
the base of the prism is outward, while 
diametrically opposite this point the base is 
inward. 

If a beam of light be directed through the 
edge of such a disc it will be bent in a certain 
direction, the angle at which the beam bends 
depending upon the angle of the prismatic 
section at that point. For the sake of 
example let us say that the beam is directed 
upwards at an angle of 45 degrees. ПІ, now, 
the disc be slowly revolved, the beam will 
begin to move. If we are turning the disc in 
the right direction, the beam will move slowly 
downwards in a vertical plane, until, when a 
complete revolution of the disc has been 
made, the beam will be found to be pointing 
downwards at an angle of 45 degrees. 

By superimposing a second disc over the 
first (as shown in Fig. 12), so that their over- 
lapping edges revolve in directions at right 
angles to each other, a lateral movement can 
be given to the beam, as well as a vertical 
movement. Thus Jenkins got the two neces- 
sary oscillatory actions. It is necessary, of 
course, for one of the discs to revolve com- 
paratively slowly, to space the image lines 
traced over the photoelectric cell, or on the 
screen ; while the other disc must revolve much 
more rapidly in order to trace the image lines. 
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In some forms of the Jenkins apparatus, 
four revolving discs are used, but this duplica- 
tion is introduced merely for the purpose of 
giving optical correction ; it does not alter 
the principle of operation. Іп electrical 


Fic. 12.—THE ARRANGEMENT OF THE JENKINS Prismatic Discs. 


The combined action of these revolving discs is such that the light 
psam: B, is caused to cover the screen, S, with parallel lines, set closely 
ogether. 


parlance, the two pairs of discs might be 
described as working in parallel. 

In order to project on to the photoelectric 
cell an image of the object or scene to be 
transmitted, Jenkins uses a magic-lantern 
projector, into which is inserted a lantern 
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slide of the scene to be transmitted. The 
beam of light issuing from the lens of the 
lantern passes through the prismatic sections 
of the revolving discs. The action of these 
discs, as explained above, is to sweep the beam 
(containing within it the image) across the 
photoelectric cell. 

At the receiver, the incoming impulses from 
the photoelectric cell are caused to control 
the degree of brilliancy of a special form of 
neon tube developed by Mr. Moore. A beam 
of light from this tube is then focused through 
a system of revolving prismatic discs similar 
to that in use at the transmitter. The action 
of these discs, at the receiver, is to spread the 
neon tube light beam over the receiving screen 
and thus reproduce the image. 

Neon tubes consist essentially of two 
electrodes sealed into a glass vessel in which 
the air has been replaced by neon gas at a very 
low pressure. When a current of electricity 
is forced through such a tube by means of a 
high voltage, the tube glows brilliantly, due 
to the heating of the atoms of gas by the 
passage of the current. Such tubes are being 
used a great deal, nowadays, for illuminated 
advertising display purposes. They can easily 
be recognised by their brilliant red glow. 

We have already seen, in connection with 
our consideration of light-sensitive devices, 
that in television we have to deal with im- 
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pulses occurring at frequencies running into 
many thousands per second. Not only is it 
necessary for the light-sensitive device to 
respond to impulses at such enormous 
frequencies; the source of light at the 
receiver must respond with equal alacrity. 

Laboratory tests have shown that lamps 
of the neon glow discharge type can be lighted 
or extinguished at the rate of more than one 
million times per second. Another point of 
importance in television work is that such 
lamps produce a degree of illumination which 
is directly proportional to the amount of 
current supplied to them. 

Two views of the type of neon tube, speci- 
ally developed by Mr. Moore for television 
purposes, are shown in Fig. 13. The outer 
electrode, shown at B in the sectional sketch, 
is the negative electrode, while the inner 
electrode, À, is positive. When a difference 
of potential i is established between these two 
electrodes the gas within the tube glows. 
Immediately the current is switched off the 
light instantly ceases. 

The special construction adopted is such 
that the illumination is all from the point in 
the middle of the centre electrode. This not 
only concentrates the light, making it appear 
to be more intense, but it also facilitates the 
use of lenses for focusing purposes. 

In his earlier experiments in connection 
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with phototelegraphy, Mr. Jenkins secured 
synchronism between his transmitting and 
receiving mechanisms by means of an electric- 
ally driven tuning-fork arrangement. As will 
be explained later on, such an arrangement 
is not sufficiently accurate for television 


== | 


Fic. 13.— Two Views OF THE MOORE NEON TUBE. 


purposes, and for his television experiments 
Mr. Jenkins now makes use of synchronous 
electric motors to drive both transmitter and 
receiver mechanisms. 

Details of such motors will be given in a 
later chapter. For the present it is sufficient 
to say that two or more such motors, running 
off the same alternating current supply, must 
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keep in step, ie. run at exactly the same 
speed. Since large American manufacturers 
of alternating current generators claim that 
in all their large installations they can 
guarantee that the difference in frequency 
between any two plants is less than + per 
cent., this, according to Jenkins, guarantees 
the accuracy of operation of his television 
machines in many localities where the standard 
American supply of rro volt, бо-сусје A.C. 
is available; for the only factor which will 
cause a synchronous motor to vary in speed 
is a variation in the frequency of the supply. 

At this low frequency, however, the 
phenomenon known as phase swinging may 
prove fatal to reproduction; for although 
the mean speed is constant, an A.C. motor, 
if of low frequency, may vary its instan- 
taneous speed quite considerably, and any 
such variation would seriously impair re- ' 
ception. 

In the latest type of Jenkins machine, 
particulars of which are available, the lens disc 
carries forty-eight lenses, and the purpose of 
the apparatus is avowedly to transmit and . 
receive, not television, but special cinemato- 
graph films. Using а wave-length of 300 
metres, Mr. Jenkins has recently been broad- 
casting these special shadow films from his 
laboratory in Washington. There is no detail 
in the films, only a plain black-and-white 
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silhouette of simple scenes such as a little 
girl bouncing a ball. 

The films are reeled off through the trans- 
mitter at the rate of fifteen pictures per 
second—one less than the ordinary cinemato- 
graph. They are reproduced at the receiver 
at the same rate, and the received images, 
viewed through a magnifying glass, appear 
to be about six inches square. According to 
witnesses' reports, the received shadowgraphs 
are very clear, and the illusion of motion is 
excellent. 

The general layout of the new Jenkins 
animated shadowgraph transmitter is shown 
іп Fig. 14. The film reels are mounted on а 
simple framework, one above the other, in 
such a manner that the film is pulled down- 
wards by a set of sprockets which are driven 
by an electric motor. One end of the shaft 
which drives the sprockets is fitted with a 
gear pinion which meshes with another smaller 
one. 

The small pinion is mounted directly on 
the shaft of the electric motor, which is a 
synchronous А.С. motor capable of running 
at r,800 r.p.m. Because of the speed- 
reducing action of the gears, the pictures 
are pulled past the sprockets, or any fixed 
point next to the film, at the rate of 9oo per 
minute, or I5 per second. 

At the other end of the shaft which drives 
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the sprockets is a heavy metal disc, about 
fifteen inches in diameter and about one inch 
thick. The edge of this disc is studded with 
forty-eight separate little lenses, each of which 
has an “optical speed” of f. 3:5. These 
lenses are designed to concentrate the light 
from a powerful arc lamp into an intensely 
brilliant “ pinhead " beam, which is caused 
to pierce the film as the latter travels down 
past the back of the disc. 

Immediately behind the film is mounted 
a photoelectric cell, which is so placed that 
the “ pinhead " beam of light, after passing 
through the film, impinges upon it. The 
cell is connected to a three-stage resistance- 
coupled amplifier, the output of which is 
connected to a further amplifier of similar 
design, but having eight stages. Both ampli- 
fiers are very heavily screened by double 
copper shields. 

A close study of Fig. 14 will make the 
operation of the apparatus clear. The lens 
disc revolves at 900 r.p.m., or fifteen times 
per second. The separation between the 
centres of the lenses is just equal to the width 
of the film. Тһе latter moves steadily down- 
wards at the rate of fifteen pictures per second. 
Its action is not jerky, as 1n a cinematograph 
projector. 

The arc lamp on the left projects a powerful 
converging beam of light through one of the 


TRANSMITTING А FILM бт 


lenses of the disc, which lens further con- 
verges the beam to a point, which “ scans ” 
or travels across the film from one side to 
the other, due to the rotary motion of the 
disc. When the next lens picks up the beam 
from the arc lamp, the film has moved down- 
wards slightly, so that the second beam travels 
i the film on a parallel but slightly higher 
path. 

Succeeding lenses of the disc trace further 
parallel paths across the film, until each 
picture has been explored by the forty-eight 
lenses. As soon as the beam of light from 
one lens runs off the film, the beam from the 
succeeding lens starts to pierce the film on 
the other side. This movement is continuous 
during the operation of the mechanism. 

Thus forty-eight separate beams of light 
travel across each individual picture in one- 
fifteenth of a second. At the start of each 
fifteenth of a second period a fresh picture 
slides into position and another series of 
forty-eight light beams starts to pierce it. 

While this movement is taking place the 
light beams, after shining through the film, 
fall on the photoelectric cell with degrees of 
intensity which depend upon the density of 
the parts of the film through which they 
shine. The electrical output of the photo- 
electric cell varies in proportion to the 
variation of the light intensity, and, after 
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amplification, this varying current is caused 
to modulate the radio broadcast trans- 
mitter. 

The apparatus for receiving these trans- 
missions has many points of difference from 
any other receivers described in this book. 
It is illustrated in Fig. 15, and consists of 
six essential parts. Тһе heaviest unit is a 
3,600 r.p.m. synchronous A.C. motor, to the 
shaft of which is attached a hollow metal 
drum about seven inches in diameter and 
about five inches wide. The centre of this 
drum is a hollow spindle with a thin wall. 

In corresponding places on the drum and 
the spindle are four spiral rows of tiny holes, 
twelve holes to а row. А short piece of 
quartz rod between the outside and inside 
connects each pair of corresponding holes. 
The purpose of the forty-eight little quartz 
rods is to conduct light from the inner spindle 
to the holes in the outer drum with as little 
loss as possible. 

Fixed inside the hollow spindle, with the 
flat little plates facing directly outward, is 
a special neon tube having four discharge 
electrodes. This tube is about four inches long 
and one inch in diameter, the little discharge 
electrodes, or plates, being about one-quarter 
of an inch square. А straight wire running 
near the four electrodes acts as a common 
element. In Fig. 15, this tube is shown 


"5091 SurA9rA pue JOLMU 941 P9JUNOUI st qorqa jo do} по ‘ход uopooA е ш poso[ouo SI snyeredde ojoy 941, 


UHSAIZO3S] SNINNA[ MAN AHL ло LNAINAONVAAY лучямяю SHI—'SI *©пд 


(Н2У3 21 40 (Y3AI3938 оїаүн 30 
5135 УПОЗ) S310H 51504 «ІП41ПО» 01) INdNI 


(анумап омуз SIJDYVL 
НИМ 310NIdS 30ISNI 933) 
381 МОЗМ ..1393V L.-30103 


310NIdS 
MOTIOH 


чоон '2 У 
SNONOYHINAS 
ANYO И а Y 009€ 
ОММЛОЛЗУ 


13УН$ АЯ G3NUNL 
5331930 Sp SIHSNY8 LOVINOD 
30 319NY. 

1Y 135 ЗОЗУМ 


SN31 ОМАЗМОМИ 


3 


64 TELEVISION 


withdrawn from the spindle, in order to 
illustrate it; in actual use it fits inside the 
latter without touching it. 

The other end of the motor shaft is fitted 
with a r:4 reducing gear which drives a 
revolving switch. The revolving element is 
simply a pair of contact brushes connected 
together. One brush effects continuous 
electrical connection with a solid brass ring 
imbedded in an insulating disc, while the 
other makes a wiping contact over the four 
sections of a split ring. The four segments 
are connected to the four discharge electrodes 
of the neon tube, while the solid ring is con- 
nected to one of the output terminals of the 
radio receiver. The common element of the 
neon tube is connected to the other output 
terminal of the wireless receiver. 

All the receiving apparatus described so 
far is contained in a wooden box measuring 
about two feet long and a foot square at the 
end. . Directly above the top of the revolving 
drum is a square opening in the top of the 
cabinet, and over this opening an ordinary 
mirror is mounted at an angle of 45 degrees 
to the top. About a foot in front of the 
mirror, and standing upright, is a magnifying 
lens about ten inches in diameter. 

Following the action of the receiver, the 
modulated picture signals from the distant 
transmitter are picked up by an ordinary 
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wireless receiver, amplified, and fed to the 
moving-picture receiver. Assuming that the 
contact brushes have just made contact with 
the upper right-hand ring, as shown in Fig. 15, 
and that one of the quartz rods in the first, 
or outermost circle, is pointing straight up, 
this condition corresponds with the start of 
a picture in the transmitter, when the light 
ES 15 just commencing to sweep across the 

m. 

As the contact brushes have just closed 
the circuit to the neon-tube electrode at the 
extreme right, this electrode lights up imme- 
diately and fluctuates in brilliancy exactly in 
accordance with the modulation of the signal. 
The fluctuations of light are carried up the 
quartz rods and projected through the holes 
in the outer drum upon the mirror. The 
light thus reflected from the mirror follows 
the shading of the images on the original film, 
so that a picture is built up in the mirror. 
This picture may then be observed through 
the magnifying glass. 

A complete picture of forty-eight lines 
(corresponding to the rate of transmission) 
is built up on the mirror with every four 
revolutions of the drum. At the beginning 
of the second revolution, the contact brushes 
turn to the next segment of the switching 
ring (because of the gearing) and the second 
electrode of the neon tube becomes operative. 
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The third and fourth quarters of the picture 
are similarly built up from the third and 
fourth electrodes, and the cycle then com- 
mences again with the first electrode. During 
one second the drum revolves sixty times. 
Since four revolutions create one picture, 
sixty revolutions create fifteen pictures, which 
gives the speed of fifteen pictures per second 
mentioned when the action of the trans- 
mitter was being described. 

Itis, of course, necessary for the transmitting 
and receiving mechanisms to run absolutely 
in synchronism, but Jenkins does not provide 
any special synchronising method. For the 
purpose of the demonstrations given in 
Washington the transmitter and receivers 
were driven by synchronous A.C. motors, 
and as all the motors took their power from 
the same power line, it is reported that little 
difficulty was experienced in keeping the 
pictures steady. 

Witnesses describe the pictures, as viewed 
at a distance of about ten feet from the 
magnitying lens, as being clean-cut silhouettes 
against the characteristic reddish background 
provided by a neon tube. 

This apparatus is interesting, and dis- 
tinctly novel, but it should be clearly under- 
stood that it does not produce television. 
It transmits and reproduces only moving 
shadowgraphs of simple figures and scenes 
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which have previously been specially prepared 
and recorded on a standard cinematograph 
film; and as there are no refinements of 
shading and detail to be handled, the problem 
of designing suitable apparatus is vastly 
simpler of solution than is the problem of 
designing apparatus which will enable true 
television to be accomplished. 


CHAPTER VI 


THE PIONEER WORK OF J. L. BAIRD. EARLY 
APPARATUS 


WE have, in the preceding chapters, dealt 

exclusively with work done abroad by 
television investigators. Of the many workers | 
who have interested themselves in the subject, 
we have, for reasons already given, described 
the apparatus of only a few, but the work 
of these few may be taken as being fairly 
representative of the methods and equipment 
adopted by many others. 

We must now turn to a consideration of 
the work done in our own country by Mr. 
J. L. Baird, to whom belongs the credit and 
distinction of having been the first man 
actually to demonstrate publicly true tele- 
vision. Nearly fifty years ago, the inventive 
genius of Graham Bell, a Scotsman, gave to 
the world the telephone, and now Mr. Baird, 
another Scotsman, in successfully demon- 
strating television, has given us an electric 
eye to add to the electric ear supplied 
by Bell. 

It is now about five years ago since Baird, 
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compelled by ill-health to abandon an active 
business career, commenced to devote him- 
self exclusively to a study of the problem of 
television. Prior to that time, however, 
scientific research had always been his hobby, 
and in the early days of his training as an 
engineer he devised an improved form of 
selenium cell, which led him to develop a 
crude system of television. 

When, as a result of the breakdown in his . 
health, he was compelled to lead the life of a 
recluse, Baird took up the threads of the 
television problem where he had left off years 
previously. 

At first glance the problem seemed simple 
of solution. Briefly reviewed, the require- 
ments, as we have already seen, may be 
stated as follows : 

(r) Means of scanning an image, so as to 
subdivide it into tiny sections, or elements. 

(2) Means of transforming the resulting 
picture elements, or light impulses, into 
electrical impulses, which can be transmitted 
to the distant receiver, either by wire or 
wireless. 

(3) Means of reconverting electrical im- 
pulses into light impulses, and by means 
similar to (r) causing them to cover, or 
illumine a screen, thus reproducing the image 
at the transmitter. 

(4) Means of synchronising the transmitter 
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and receiver, iie. causing them to run in 
step, or exactly at the same speed. 

These are the requirements as Baird re- 
viewed the subject five years ago, and, on 
paper, the problem seemed simple. Many 
optical methods were already known which 
would fulfil requirement (1). The selenium 
cell and the photoelectric cell were in existence 
and seemed to cover requirement (2); and 
for (3) there was the neon tube. Methods of 
synchronism had already been developed to 
a high degree in connection with other 
electrical processes, notably as an aid to high- 
speed multiplex telegraphy, so that point 
(4) seemed to be covered. 

It all seemed very simple, so simple, in 
fact, that the wonder was that television 
had not already been accomplished. Baird 
concluded that there must be a catch some- 
where. There was; and as we have already 
seen, the stumbling block lay in requirement 
(2), the light-sensitive cell. Another catch 
lay in the fourth requirement, for the usual 
methods of synchronism, although  satis- 
factory for the purposes for which they 
were developed, were quite unsuitable for 
television. 

After about six months’ work, however, 
Baird achieved a measure of success, and was 
able to transmit shadowgraphs. Encouraged 
by this success, hope ran high, but, as other 
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inventors have found, he soon discovered that 
to transmit shadows was one thing; to 
transmit the images of the objects themselves 
was a very different thing. 

Month after month he worked with 
apparatus of the very crudest description, 
until, in April 1925, he had the satisfaction 
of giving the first public demonstration of 
television, transmitting outlines by wireless 
between two separate machines at Selfridge's 
Oxford Street store. As stated, only out- 
lies were transmitted on this occasion, 
but they were transmitted by light reflected 
from the original objects, and were not 
shadows. 

In connection with his efforts to progress 
from the transmission of outlines to the 
sending of true images complete with detail, 
Mr. Baird is fond of telling the following 
story : | 

For the purposes of his experiments he 
was in the habit of placing before the trans- 
mitter the head of a ventriloquist's doll, 
and his efforts were concentrated in the 
direction of getting not merely the outline, 
but a complete detailed image of this doll 
through to his receiving screen. One day, 
in October 1925, after months of patient effort, 
he had the satisfaction of seeing the doll's 
face on his receiving screen not as an outline, 
but as a real image with shading and detail. 
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Full of enthusiasm and excitement, Mr. 
Baird rushed out of the laboratory in search 
of a human .“ subject " to take the place of 
the doll. The first human being he met 
happened to be Mr. William Taynton, who 
was at that time office boy in the office below. 
After some difficulty Mr. Baird persuaded Mr. 
Taynton to come up to the laboratory and 
take his place before the Televisor. 

After seating him in the correct position, 
Mr. Baird dashed through the laboratory to 
look at the receiving screen. То his great 
disappointment however, there was nothing 
to be seen. After vainly trying various 
adjustments he went back to the transmitter, 
to find that the failure of the experiment was 
due to the fact that his human subject, afraid 
of the terrific glare of the lights used to illumin- 
ate his face, had moved back out of focus. 

*In the excitement of the moment," to 
quote Mr. Baird, he was given half a crown 
to take up his position again and maintain it. 
This time the image of the boy's face came 
through clearly on the receiving screen. 

As a matter of historical interest it is some- 
what strange to have to record that the first 
human being ever to be televised had to be 
bribed to accept the distinction ! 

After several more months of hard work, 
Baird was able, on January 27th, 1926, to 
give to over forty members of the Royal 
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Institution the first demonstration of true 
television ever witnessed. The image of 
moving human faces were transmitted between 
two rooms, not as outlines or silhouettes, but 
complete with tone gradations of light and 
shade and detail Although the received 
images flickered a great deal, and suffered 
from other defects, the individual being 
* televised " could be recognised. 

This demonstration, and others which fol- 
lowed shortly after, created considerable 
interest, but Baird's weird apparatus, con- 
sisting of old bicycle sprockets, cardboard 
discs, and bullseye lenses, all tied together 
with sealing wax and string, failed to impress 
those who were accustomed to the shining 
brass and exquisite mechanism of the pro- 
fessional instrument maker. The importance 
of the demonstration was, however, realised 
by the scientific world, and many leading 
scientists and engineers came to inspect the 
apparatus. 

The original transmitting mechanism shown 
at Selfridge's is now on exhibition in the South 
Kensington Science Museum, and its mode of 
operation will be described with the aid of the 
diagrammatic sketch given in Fig. 16, where 
А represents the object the image of which 
is to be transmitted, and the revolving discs 
B, C, and D are the image-scanning, or 
exploring mechanism. 


TELEVISION 


The disc B, carrying a series of lenses in 
staggered formation, rotates at about 800 
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however, the image strips are broken up by 
the slots in the disc C, which revolves at about 
4,000 r.p.m. Passing through the serrations 
of this disc, the light impulses must also shine 
through the spirally slotted disc D, the rotation 
of which has an effect which is equivalent to 
giving the light-sensitive cell, E, a back and 
forward motion, thus dividing the image into 
a greater number of strips. That is to say, 
the action of D is equivalent to using more 
lenses in B. The disc D revolves at a com- 
paratively slow speed. 

The picture-analysing action of the re- 
volving discs may be summarised as follows. 
The lens disc, B, divides the image up into, 
in this case, sixteen strips. This number of 
strips is doubled by the disc D. Disc C chops 
up individual image strips into a series of light 
flashes. Thus the entire picture is analysed 
into thousands of light flashes, or picture 
elements, which are arranged to fall upon 
the light-sensitive cell, E, in regular suc- 
cession. 

The output of the light-sensitive cell, of 
course, varies in direct proportion to the 
intensity of the light flashes falling upon it, 
and this output, after amplification, is trans- 
mitted to the receiver, either by wire or by 
wireless. Superimposed upon this picture im- 
pulse current there is also an audio frequency 
current from the A.C. generator, shown 
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coupled to the motor which drives the re- 
volving discs. This audio frequency current 
is transmitted to enable the receiver to be 
synchronised with the transmitter. This part 
of the apparatus will be more fully explained 
in the chapter devoted to -methods of 
synchronism. 

At the receiver, shown diagrammatically 
in Fig. 17, the synchronising current, super- 
imposed upon the picture impulse current, is 
filtered out, and caused to operate (after 
amplification) the synchronous motor which 
governs the speed of the main D.C. motor. 

At present, however, we are concerned only 
with the picture impulses. 

At the receiver, these impulses are caused 
to operate a neon tube, K, which type of 
tube, as we have already seen, responds 
instantly to current impulses, transforming 
them into light flashes. 

The optical mechanism, or image-scanning 
device, closely resembles that at the trans- 
mitter, with the exception that, in the case 
of the receiver, the serrated disc, C, is elimin- 
ated, leaving the slotted disc, H (Fig. 17), and 
the lens disc, G (Fig. 17). The combined 
action of these two discs is to bend a beam 
of light from the neon tube, K, to and fro 
and up and down, so that the screen, Е, is 
fully iluminated, the fluctuations in the 
illumination of the neon tube, K, being spread 
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over the screen so as to reproduce exactly 


the original scene at the transmitter. 
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Although, as already stated, the above- 
described apparatus functioned satisfactorily, 
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and gave true television, the “ grain” of 
the received image was very coarse. Com- 
pared with the modern cinematograph, it 
was as a newspaper reproduction is to a fine 
art reproduction in a high-grade illustrated 
magazine. The details and 
the gradations of light and 
shade were there, and the 
picture could be recognised, 
but the reproduction left 
much to be desired. 

In an effort to improve 
the grain of his image, Baird 
experimented іп several 
directions. Three methods 
of casting an image are 
known to optical science. 
We have the lens, the con- 


Fic. 18. | cave mirror, and the pin- 
As the two discs revolve hole. 

ture, the combination of Another interesting de- 
with theradialslotsofthe Vice has, however, been 
Hehtsensitive call to the described in one of Mr. 
light impulses of indi Baird's patents. This is a 
SEDE somewhat unusual honey- 
comb structure made up of a bank of small 
tubes arranged in parallel rows. The action 

of this bank of tubes is rather peculiar. 
If held, for example, in front of an electric- 
light bulb an image of the filament will appear 


on a ground-glass screen held close against 
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the back of the bank of tubes. А surprising 
feature of the image is that it is constant in 
size, independently of the distance between 
the bank of tubes and the lamp. 

This is a property which differs entirely 
from other image-casting devices wherein the 
size of the image is dependent upon the 
distance away of the object from the image- 
casting device. 

Whether this particular apparatus will find 
a permanent use in television remains to be 
seen, but we describe it as an interesting 
scientific novelty which has been tried experi- 
mentally as a substitute for a revolving lens 
disc. The two interrupter discs, C and D 
(Fig. 16), were retained, and arranged to oper- 
ate in conjunction with the cellular structure 
as shown diagrammatically in Fig. 18. 

As already stated, Baird's original machine 
gave an image at the receiver which appeared 
to be made up of thin closely fitting strips. 
By using the system of projection tubes 
mentioned above, the received image takes 
on the appearance of being made up of a 
large number of fine dots. 


CHAPTER VII 


THE PIONEER WORK OF J.L. BAIRD (continued). 
THE “OPTICAL LEVER." MULTIPLE CHANNELS 


OF the many image-exploring devices 

devised to date, both by Baird and by 
other workers, none is so highly interesting 
and fraught with possibilities as Baird’s latest 
invention, called by him an “ optical lever.” 
The possibility of speeding up all other 
devices is strictly limited by mechanical 
considerations, but with the optical lever 
there is no limit to the speed at which light 
impulses may be caused to traverse the light- 
sensitive cell, or a bank of several cells. 

This invention is described in  Baird's 
Patent No. 265,640, and to describe it we 
cannot do better than quote from the original 
specification and refer to the original sketch, 
which is reproduced in Fig. 19. 

Quoting from the patent specification : 
* The transmitter may consist of a rotating 
disc, around which is arranged a circle of 
lenses. In front of the disc is the object to 
be transmitted, and behind the disc and in the 
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focal plane of the lenses is а ground-glass 
screen. As the disc rotates a series of images 
of the object pass from top to bottom across 
the screen. 

* Behind the screen is a second revolving 
disc containing a circle of lenses. This disc 
throws an image of the ground-glass screen 
on to a diaphragm containing an aperture 
leading to a light-sensitive cell, and is arranged 
so that, as it revolves, the images cast by its 
circle of lenses move from one side to the 
other across the diaphragm (see Fig. 20). 
The image of the object when it reaches the 
diaphragm has therefore two motions; from 
top to bottom, due to the first disc, and 
laterally, say from left to right, due to the 
second disc, the second disc revolving slowly 
relatively to the first, and thus the image 
traverses the cell." 

A ground-glass screen has been mentioned 
to make the action of the mechanism some- 
what clearer, but it is not necessary and, in 
practice, is omitted. The lenses in the disc 
may be arranged in spiral or any staggered 
formation, and to give the lateral motion to 
the image a revolving mirror polyhedron may 
be used in place of the second disc. 

The above is a general statement of the 
principle of the methods used. 

To obtain a finer grain in the image it is 
necessary for it to pass very rapidly over the 
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cell, and in order to increase the speed without 
increasing the speed of the revolving discs, or 
adding lenses, more than one combination 
ofdiscsisused. Another method of increasing 
the speed consists of employing a bank of 
fixed lenses, say three, each lens casting an 
image of the object on to a ground-glass 
screen. As the lenses are adjacent the three 
images will be almost identical. An image of 
this screen is then made to traverse the light- 
sensitive cell by any of the means previously 
described, only, by the use of three fixed 
image-casting lenses, the speed is trebled. 
As before, the ground-glass screen may be 
dispensed with. 

‘ The lenses тау be arranged to work with 
more than one cell. For example, a set of 
nine lenses might be used casting three images 
on the screen, each of these three rows 
operating its own cell, which would control 
its own light source at the receiving station, 
the light source replacing the cell behind an 
optical device similar to that at the trans- 
mitting station." 

Referring now to the diagrams, Fig. 19 
is a plan of the apparatus ; Fig. 20 is a partial 
end view looking in the direction of the arrow 
A ; and Fig. 21 is an end view looking in the 
direction of the arrow B. In the following 
description, ground-glass screens will be men- 
tioned, as they enable the action of the system 
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to be followed more easily. Actually they 
are not essential to the performance of the 
apparatus, and are omitted in practice. 

Referring to Fig. 19, the image-scanning 
mechanism, or transmitter, consists of a 
rotatable disc, r, in which is mounted any 
desired number of lenses, 2. In front of the 
disc is the object, 3, or objects, of which а 
reproduction is to be transmitted. The 
position of the first ground-glass screen is 
shown at 4, it being so mounted as to receive 
an image projected by one of the lenses, 2. 
The line 18 indicates the optical axis of the 
apparatus, along which projection of the 
images takes place; and when one of the 
lenses, 2, crosses this axis an image is projected 
upon the screen, 4. 

Behind the screen, 4, is a second rotatable 
disc, 5, also carrying a suitable number of 
lenses, 6, and so positioned that these lenses, 
by rotation of the disc, are carried across the 
optical axis, 18. The discs r and 5 are 
mounted on separate parallel shafts, 7 and 8, 
which are rotated at any desired speeds. 
They may, if desired, be geared together. 

The image projected on to the screen, 4, 
constitutes an object of which an image is 
projected by each of the lenses, 6, on to a 
screen, 9, placed behind the disc, 5 ; and the 
rotation of the shafts, 7 and 8, is made so that 
the lenses, 2, cross the optical axis, 18, in the 
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opposite direction to the lenses, 6. With the 
construction shown, this result is obtained 
by rotating the discs in the same direction. 

“The shaft 7 carries a further series of 
discs having mounted on it a plurality of 
lenses as indicated at ro, тт and 16, 17, these 
lenses all being arranged to be carried across 
the optical axis, 18, by the rotation of the shaft 
7. Similarly, the shaft 8 carries a series of 
discs each with a plurality of lenses on it as 
indicated at 13, 14, and these discs are 
intercalated with the discs on the shaft 7. 
The lenses on each of the discs as they cross 
the optical axis 18, reproject successively from 
the left towards the right in Fig. 19, the image 
cast by the lens on the preceding disc in the 
series, and as the lenses are moving successively 
in opposite directions the speed of traversal 
of each successive image is increased. Any 
· desired number of discs may be used on each 
shaft so as to provide any desired final speed 
of traversal of the image." 

The most difficult point to understand in 
connection with this invention is just how it 
comes about that the speed of traversal is 
increased. At first glance it would appear 
that no advantage would result from increas- 
ing the number of discs, and that the images 
cast by successive discs would, in any case, just 
pile one on top of the other on the last screen 
of the series. Such, however, is not the case. 
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All motion is relative. In order to decide 
what is motion and what is not, and the speed 
at which an object moves, we must have some 
fixed point of reference. А person may walk 
along the corridor of a train at a speed of 
three miles an hour. Persons sitting in the 
compartmnets would say he was moving at 
the rate of three miles an hour, which would 
be correct from their point of view, i.e. 
using themselves as the point of reference. 

But if the train itself were travelling at 
sixty miles an hour, and the person concerned 
happened to be walking from the back of 
the train towards the front, his total rate of 
progress, using the surface of the earth as the 
point of reference, would be sixty-three miles 
an hour. 

When we consider that the earth itself is 
moving through space, revolving round the 
sun, and round its own axis, then we see that 
the rate of progress of the person walking 
along the train, and the speed of the train 
itself, is, if we take the sun as the point of 
reference, something altogether different to 
what we imagined it to be. 

Returning now to the optical lever, the 
lenses, 2, of the first revolving disc cast on the 
screen, 4, a series of images of the relatively 
fixed object, 3. The lenses, 6, of the second 
disc, which cross the optical axis in the 
opposite direction, pick up an image of screen 
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4 and cast it on to screen 0. From the point 
of view of the second disc, the image on 
screen 4 is the relatively fixed object, a series 
of images of which it has to project on to 
screen 0. But by virtue of the fact that the 
image on screen 4 is not a fixed object, but a 
series of rapidly recurring images; and by 
virtue also of the fact that the lenses on the 
first and second discs are moving in opposite 
directions, the total number of images which 
will fall on screen 9 in a given time will be. 

twice the number falling on screen 4. The . 
second disc really.handles images at the same 
speed as does the first disc, but whereas the 
first disc is projecting images of a fixed 
object, the second disc is, as it were, projecting 
images of a number of rapidly moving objects. 

The third disc, 10, now picks up the image 
of screen 9 (which, from the point of view of 
the third disc, is also a relatively fixed object) 
and reprojects it on to screen 12, thus effecting 
still another increase in the speed of traversal ; 
and further increases are effected by the suc- 
ceeding discs in the series. 

Thus the speed of traversal of the images is 
increased by what may be described as an 
optical lever effect ; hence the name which has 
been given to the device. At each successive 
screen the speed of traversal of the images is 
twice what 1t was on the preceding one ; and 
the increase may be carried to any extent by 


88 TELEVISION 


adding more discs to the series, whilst main- 
taining the speed of the mechanism itself 
within permissible limits. 

As already mentioned, screens are not 
actually necessary ; they have been quoted 
in the description given above, and shown in 
Fig. 19, simply as an aid to the understanding 
of the apparatus. As they cross the optical 
axis the lenses on each disc will pick up the 
images cast in space by the lenses of the 
preceding disc. 

With the arrangement shown, the screen 
тд has cast upon it a series of images which 
are moved at a high speed upwards (or down- 
wards, according to the direction of rotation 
of the shafts 7 and 8), and if a light-sensitive 
cell were substituted for this screen, it could 
Бе moved slowly across the moving image to 
produce the desired exploration of the whole 
image. This relative lateral movement 
between the series of images and the light- 
sensitive cell is preferably effected by means 
of a separate disc, 20, which is mounted on a 
shaft, 22, situated above the plane containing 
the shafts 7 and 8, so that the disc 20 overlaps 
the optical axis, 18, of the apparatus, as shown 
in Fig. 21. 

Тһе disc 20 carries a series of lenses, 21, 
which are moved across the optical axis (by 
virtue of the above-described disposition of 
the shafts) in a direction at right angles to the 


[Photo courlesy American Telephone & Telegraph Co. 


THE TRANSMITTING APPARATUS OF THE AMERICAN TELEPHONE 
& TELEGRAPH CO. 


The exploring beam of light from the scanning disc issues from the central opening 

of the box in front of the sitter. Light reflected back from his face strikes 

three large photoelectric cells situated behind the grills. The microphone picks 
up the sitter's speech. See Chapter VIII. 
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direction of motion of the lenses 14 and r7. 
The shaft 22 may be rotated slowly compared 
with the shafts 7 and 8, thus causing the 
images to. move laterally across. the light- 
sensitive cell, so as to provide an adequately 
finely grained picture. The light-sensitive 
cell, 23, is situated on the optical axis of the 
apparatus. 

The lateral movement of the series of 
images may be effected in any other desired 
manner. Thus, for example, the lenses on 
one of the discs could be arranged in a spiral, 
as shown on the disc, 1, in Fig. 20, instead of 
in a circle, so that each of the succession of 
images produced by the lenses of that disc 
are displaced slightly to one side of the 
previous image. 

Quoting again from the patent specifica- 
tion: ''To obtain increase of speed of 
traversal of the image a stationary bank of 
adjacent lenses may be used, say three, one 
above the other, between the object and the 
first disc, each lens casting an image of the 
object or view being transmitted on to a 
ground-glass screen, where the three images 
adjoin, one above the other. Ав the lenses 
are adjacent the three images will be almost 
identical. An image of this screen is then 
made to traverse a light-sensitive cell by any 
of the means herein described, and by the use 
of three lenses the speed is trebled. 
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“ The lenses may be arranged to work with 
more than one cell For example, three 
vertical banks of three fixed lenses each might 
be used casting three vertical rows of three 
images on the screen, each of these rows 
operating its own cell, which would control 
its own light source at the receiving station, 
the light source replacing the cell behind an 
optical device similar to that at the trans- 
mitting station." 

It will readily be appreciated that, with 
apparatus available which will cause light 
impulses to fall on the light-sensitive cell at 
any speed, the total number of impulses per 
second which the cell may be called upon to 
handle soon becomes enormous. Even if the 
cell is capable of responding at the chosen 
speed of operation, there still remains to be 
considered the medium of transmission. As 
we shall see in a later chapter, there are 
limitations to the speed at which signalling 
can be carried out, i.e. to the number of 
impulses per second which can be sent over 
the circuit connecting the transmitter to the 
receiver. | 

The difficulty of the response of the cell 
can be overcome by using more than one cell, 
and in his Patent No. 253,057 Baird describes 
methods of causing each cell to deal with its 
own band of the picture, and control its own 
light source at the receiver, where each light 
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source reproduces the section of the picture 
dealt with at the transmitter by the cell 
which controls it. The signals, in this case, 
are sent along separate lines, or on separate 
wave-lengths, if wireless transmission is used. 

If the transmission medium will handle 


29 4% 


= 
=== 


Fic. 22.—THE ARRANGEMENT OF MULTIPLE LIGHT-SENSITIVE CELLS 
AND ASSOCIATED 2-ELECTRODE NON-RETURN VALVES. 


impulses at the required speed, however, 
there is no reason why the outputs of the 
light-sensitive cells should not all be trans- 
. mitted over the same circuit, the output 
impulses of each cell being timed electrically 
to follow those of the preceding cell in the 
series, all in proper order. By the use of 
appropriate signal-accepting circuits at the . 
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receiver, the incoming impulses could be 
sorted out and applied to their proper light 
sources. 

In cases where more than one light-sensitive 
cell is employed, each cell should be provided 
with its own amplifier. If the cells are con- 
nected in parallel and then fed to a single 
amplifier, they will tend to feed back through 
each other, causing a partial short-circuit. 
Even after individual amplification, it is 
advisable, as described in the last-mentioned 
patent, to place a 2-electrode valve in the 
output circuit of each amplifier to prevent 
feed-back. Alternatively, a 2-electrode valve 
can be placed in the output circuit of each cell 
direct, whereupon the output circuits of the 
three 2-electrode valves can safely be con- 
nected in parallel to a single amplifier. 

This latter arrangement is shown in Fig. 22 
(which is reproduced from the patent specifica- 
tion), where 43, 44, and 45 are the light- 
sensitive cells; 56, 57, and 58 are the 
2-electrode valves; and 59 and 60 are the 
output terminals which are connected to the 
input terminals of the amplifier. 


CHAPTER VIII 


THE AMERICAN TELEPHONE & TELEGRAPH 
COMPANY'S DEMONSTRATION. THE LIGHT- 
SPOT SYSTEM 


AMONGST the latest experimenters to 

/ enter the television field are а group of 
engineers associated with the great American 
Telephone & Telegraph Company, one of 
America's largest industrial concerns, which 
depends for its scientific progress upon vast 
organised laboratories staffed by some of the 
cleverest telephone and telegraph engineers 
in the world. 

А group of engineers attached to these 
laboratories (The Bell Telephone Laboratories, 
Inc.), after working on the problem for several 
years, succeeded, on April 7th, 1927, in giving 
a public demonstration of television over a 
wire circuit between Washington and New 
York; and over a wireless circuit between 
Whippany, N.J., and New York. 

This demonstration was given before a 
party of guests which included business 
executives, newspaper editors, engineers, and 
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scientists. Тһе party assembled at the Bell 
Telephone Laboratories in New York, and 
were enabled to speak to, and simultaneously 
see, friends over the ordinary long-distance 
telephone line in Washington, 200 miles 


away. 

Walter S. Gifford, President of the American 
Telephone & Telegraph Co., held a conversa- 
tion with Secretary Hoover, of the U.S. 
Department of Commerce, who was in 
Washington. Mr. Hoover's remarks were 
made audible to the assembled guests in New 
York by means of a loud speaker, whilst the 
image of his face was made visible on two 
screens, one a small one for individual use, 
measuring about two and a half inches square, 
the other a large one measuring about two 
feet by three feet. | 

This large screen, which was prepared for 
the benefit of the visitors, appeared to be 
somewhat corrugated. This was due to the 
fact that the squares which made up the 
picture were arranged in fifty rows, one on 
top of the other. As the eye became accus- 
tomed to looking at the screen in the darkened 
room the image of the distant speaker's face 
was recognisable, although the features, 
which showed up clearly and sharply on the 
small screen, were considerably blurred by 
the enlargement, and at times disappeared 
altogether. 
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It was plain that, enlarged to the size of an 
ordinary motion-picture screen, the de. i 
would have been completely lost. It was 
stated at the demonstration, however, that 
the invention was far from the picture-house 
stage of perfection. 

The images reproduced on the small screen 
were fairly clear, however, and were described 
by witnesses as being comparable to faded 
daguerreotypes held in a shaky hand. In these 
small pictures the detail of the face appeared 
in black lines against a shining gold back- 
ground, which latter was due to the orange 
light from the neon tube which was used to 
illuminate the small screen. 

Following the wire demonstration between 
New York and Washington, the visitors were 
entertained to a repetition of the experiments, 
the transmission on this occasion being by 
wireless from the Company's experimental 
station, 3XN, at Whippany, N.J., about 
thirty miles from New York. Ап important 
feature of the demonstrations was that there 
was no difference in the quality of the repro- 
duced image, whether it was transmitted from 
one end of the laboratory to the other, by 
wire from Washington, or by wireless from 
Whippany. 

The engineers responsible for these demon- 
strations made it quite clear that their appara- 
tus and methods could not yet be brought 
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into regular commercial use. The necessary 
equipment was extremely elaborate and costly, 
and for the purpose of the public demonstra- 
tion the services of a total of nearly 1,000 
men were required ! 

Furthermore, the transmission of tele- 
vision, as achieved by the A. T. & T., 
required the use of a large group of frequencies, 
and the transmission of these frequencies 
required a considerable number of telephone 
circuits. 

In the case of the wireless transmissions, 
one wave-length had to be used for sending 
the picture impulses, one for the synchronising 
impulses, and a third for speech, as shown in 
Fig. 23. In view of the already seriously 
congested state of the ether, this presents a 
formidable difficulty. 

It is stated that much of the knowledge 
used by the engineers responsible for the 
development of the system of television 
under review was gained by them during 
the course of years of development and 
research, as a result of which the A. T. & T. 
now operates on a commercial basis a system 
of picture transmission by wire which covers 
the entire United States. 

Television and phototelegraphy, either by 
wire or wireless, have several points in common, 
or at least closely associated, so that the 
engineers who developed the phototelegraphy 
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[Photo courtesy American Telephone & Telegraph Co. 


THE LARGE VIEWING SCREEN (IN AN UNFINISHED STATE) EMPLOYED 
BY THE AMERICAN TELEPHONE & TELEGRAPH CO. 


It consists of a very long neon tube bent to and fro, and contains 2,500 
electrodes. The mode of operation is described on page ros. 
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system were able to make use of much of the 
information they had gained. 

An essential feature of all television trans- 
mitters is that the scene to be transmitted 
must be illuminated. Тһе intensity of the 
illumination depends largely upon the sensi- 
tivity of the light-sensitive device used to 
transform the light impulses into electrical 
impulses. 

With all systems so far developed (with the 
exception of one of Baird's most recent de- 
velopments), it has been customary to flood 
the entire scene with light, and this light, in 
most cases, has had to be so intense as to 
cause considerable discomfort to any person 
facing it. | 

The intensity of the light has had to be 
made so great because, when a photoelectric 
cell of the alkali type is used as the light- 
sensitive device, its response to light impulses 
is extremely feeble, the output requiring 
enormous amplification before it will perform 
the work required of it. 

It must be borne in mind that the light 
which reaches the cell is reflected light, and 
some idea of the feebleness of reflected light 
may be obtained from the fact that if a human 
face be illuminated with a r,ooo-c.p. lamp,. 
placed at a distance of three feet, the total 
amount of light reflected back from it will 
scarcely amount to one candle power. 


THE LIGHT-SPOT SYSTEM 99 


In the matter of intense illumination, the 
television apparatus under consideration is no 
exception. Photoelectric cells were used to 
transform the light impulses into electric 
currents, and a very intense illumination was 
employed, this being provided by a Sperry 
arc consuming 40 amperes. 

Between the arc and the scene there was 
interposed a revolving steel disc which had 
holes drilled in it near the circumference in 
the form of a single spiral. Through these 
holes there shone, at any given moment, 
only one single spot of light (see Fig. 23). 

The rotary action of the disc caused this 
spot of light to travel from left to right across 
the scene or individual to be transmitted ; 
then the next hole, set a trifle nearer the centre 
of the disc, allowed another spot of light to 
pass through, which travelled across the 
scene on a parallel track, but a trifle lower 
down than did the last one. As the disc 
continued to revolve, this action continued 
until the entire scene had been covered, or 
explored. | 

The disc revolved so rapidly that the whole 
scene or object was lighted up, a little spot 
at a time, in less than a fifteenth of a second. 
There were fifty holes in the discs used, so 
that the scene had fifty illuminated lines 
traced across it. 

By this method an intense illumination 
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of the sitter was obtained without its being 
unbearable. All that could be seen was a 
flickering spot of light which crossed and 
recrossed the sitter's face at an incredible 
speed. Even when using this method of 
illumination, however, it was said that the 
sitter began to feel a sensation of discomfort 
after a few minutes' exposure to the intense 
light spot. 

In passing, it is interesting to note that Mr. 
J. L. Baird, the British inventor, used this 
light-spot method in the course of some of 
his original experiments, the method being 
described by him in his British Patent No. 
269,658, of Jan. 27th, 1926, nearly eighteen 
months previous to the A. T. & T. 
demonstration. The system 15 illustrated 
diagrammatically in Fig. 24. Baird has 
recently developed the method still further, 
adding many refinements; but the system 
has its obvious limitations, owing to the 
restricted field of view which it is possible to 
cover with a travelling light spot. 

The lines, contours, and colours of the 
sitter’s face cause variations in the degree of 
brilliancy of the spots of light which they 
reflect, and these, in turn, cause a similarly 
varying effect when they strike the photo- 
electric cells. 

In the A. T. & T. apparatus, the person to be 
televised sat before a box-like instrument, 
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from a cavity in the centre of which the light 
spot issued, illuminating his face. Around 
this cavity, on both sides and on the top, were 
placed three huge photoelectric cells. These 
cells measured about r6 inches long, and are 
probably the largest ever made. 


Fic. 24.—BAIRD's LIGHT-SPOT SYSTEM. 


A beam of light from the source C shines through lens L and the 
spiral of holes in disc B on to the object A to be transmitted. Light 
reflected back from A shines on to the light-sensitive cell, D. The 
rotary action of the disc causes the light spot to move continuously 
to and fro across A in parallel lines at a very rapid rate. In this 
way the entire object is explored and flashes of light from every 
portion of it are thrown, in regular order, on to the cell, D. 


) 


Light reflected from the sitter's face fell 
upon these cells, the electrical response of 
which, after amplification, was sent to the 
receiver. As already explained in a previous 
chapter, the output of a photoelectric cell is 
very feeble. Hence the use of such huge 
cells, and the use of three of them in parallel, 
instead of only one. | 
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Notwithstanding this arrangement, the 
amplification of the output current had to be 
enormous. In the case of the radio trans- 
missions from Whippany, for example, it was 
estimated that the photoelectric current was 
amplified 5,000 million million times before 
it reached the transmitting aerial! This 
amplification, of course, included the power 
amplification of the wireless transmitter 
itself. 

As each detail of the sitter was illuminated, 
the photoelectric cells instantly responded, 
initiating a current proportional to the light 
reflected back on to them; and hence pro- 
portional to the light and shade of the par- 
ticular detail. As the light spot swung across 
the scene, working its way to and fro and from 
top to bottom, the current from the cells 
varied correspondingly. 

So swiftly did the beam sweep the scene 
that the current variations were wide and 
rapid—sometimes corresponding to a change 
from a maximum to a minimum in a twenty- 
thousandth of a second. These variations, 
the so-called alternating current components, 
comprised the electrical impulses which were 
transmitted to the distant receiver. The 
speed of signalling was therefore about 
20,000 per second. 

As already mentioned, two forms of receiv- 
ing apparatus were used at the demonstra- 
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tion. In each form a neon gas tube was 
an important element. Such tubes, as has 
been explained in a previous chapter, are 
hollow glass vessels in which the air has been 
replaced by neon gas at a very low pressure. 
Electrical discharges passing through such a 
tube cause it to glow, the brilliance of the 
light being directly proportional to the strength 
of the current. | 

It will at once be appreciated that, in 
regard to the relation between light and 
electricity, the properties of a neon gas tube 
are exactly opposite to those of a photo- 
electric cell. 

In the A. T. & T. apparatus for use by an 
individual, a small neon tube was used, the 
entire tube being caused to glow in accordance 
with the strength of the current being received 
from the transmitting station at any particular 
instant. 

Between the tube and the observer, who 
looked through a small aperture about two 
and a half inches square, there was interposed 
a disc exactly similar to the one at the trans- 
mitter, rotating in step with it. The result 
was that the observer saw at successive 
instants successive portions of the field of 
view, each of which was illuminated by the 
glowing neon tube. | 

So rapidly was the scanning of the field 
of vision carried out that the observer's 
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sensation was that of seeing the scene as a 
whole repeated just as it appeared at the 
transmitter. 

Had the mechanism suddenly stopped 
dead, what the observer would have seen 
would have been a tiny spot of light, admitted 
to his line of vision through one of the holes 
of the disc, and constantly fluctuating in 
intensity. The rotary action of the disc 
spreads, as it were, the light-spot fluctuations 
all over the receiving screen, each light or 
dark spot of illumination being in its exact 
place to correspond with the scene being 
transmitted. 

For the presentation of the image to a large 
audience a different method was employed 
experimentally. This particular method was 
also used some time ago by Mr. Baird, and is 
described by him in his Patent No. 222,604, 
July 1924. | | | 

Instead of using а single relatively small 
neon tube, successive portions of which are 
viewed at successive intervals, a very long 
tube was used, which was folded back and 
forth upon itself to form a grid, as shown in 
Fig. 25, which illustrates the arrangement 
diagrammatically. 

The tube was bent into fifty loops, corre- 
sponding with the number of holes in the 
scanning disc at the transmitter. Instead 
of fitting this long tube with a single pair of 


(For 


"AL? ‘NDIS TIVO <ЯІМОЛУЯОЯУТ 
ачу“ AHL AO ЯООМ AHL NO MHLLINSNVHL SSATAMIM ‘IVLINAWINAdXA AHL 


LARGE RECEIVING SCREEN 105 


electrodes, like the smaller tube, the grid was 
equipped with 2,500 electrodes, fifty per turn 
of the loop. Each electrode then corre- 
sponded to a single elemental area of the 
picture plane which was scanned by the photo- 
electric cells at the sending end. 
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Ес. 25.—THE LARGE EXHIBITION SCREEN, BUILT UP OF А CONTINUOUS 
LENGTH OF GLASS TUBING, ALONG THE REAR WALLS OF WHICH 
ARE CEMENTED 2,500 TIN-FOIL SEGMENTS. 


The tube is filled with neon gas; light spots appear opposite each 
segment when electrically арени Ди 


These electrodes were connected by wires 
to a distributor which, in turn, was connected 
to the circuit coming from the transmitting . 
station. The distributor, which was a form 
of commutator, revolved in exact synchronism 
with the scanning disc at the sending end. 
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When а particular spot on the object being 
televised was illuminated, its position and 
light intensity were transmitted, in the form 
of an electrical impulse, to the receiving station, 
às has already been described. Іп this case, 
however, the distributor selected the proper 
connection with the neon tube grid and 
lighted a spot on it which corresponded with 
the spot on the original scene, the illumination 
of which set up the impulse in the first place. 

Only one spot on the grid was illuminated 
at a time, but these glowing spots followed 
each other with such rapidity that the audience 
appeared to see the entire grid lighted up 
continuously, in the form of the scene at the 
transmitter. The grid was arranged so that 
it could be viewed either directly, or through 
a ground-glass screen, to soften the “ grain ” 
somewhat. 

The distributor consisted of a brush contact 
which revolved in synchronism with the 
scanning disc at the sending end. This 
brush, as it revolved, made contact with a 
commutator arrangement, composed of 2,500 
segments, to which the leads to the neon tube 
electrodes were connected. 

Each segment picked up from the rotating 
brush the appropriate electrical impulse in- 
tended for it, and conducted it over the con- 
necting wire to the appropriate electrode on 
the grid. To each of the 2,500 electrodes 15 
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impulses per second had to be delivered, so 
it will readily be appreciated that the most 
minute error would have hopelessly scrambled 
the picture. How the mechanisms were kept 
in step is described in the chapter devoted to 
synchronism. 

Thisarrangement of a long neon tube and dis- 
tributor, although it has been tried. experi- 
mentally both by Mr. Baird and by the 
A. T. & T., is, of course, hopelessly impractical 
for regular commercial operation, owing to 
the maze of connecting wires required, and 
the delicacy of adjustment of the apparatus. 
The whole arrangement is, in fact, very 
reminiscent of the experimental apparatus 
built by Rignoux and Fournier in 1906. 

From a purely experimental point of view, 
however, the apparatus is highly interesting, 
and it has proved its ability to perform in the 
manner required. 

In January, 1928, the General Electric 
Company of America gave a demonstration 
of television on lines almost identical with 
those which have just been described. -Тһеу 
used the same light-spot method previously 
described and used by Baird and the A. T. & 
T. Co. 

Transmission took place by wireless from 
one of the company's short-wave stations at 
Schenectady, N.Y., on 37:8 metres, while the 
ordinary medium-wave broadcasting station, 
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WGY, operating on 378-9 metres, sent out 
the speech and music produced by those 
whose images were being televised. 

At four separate homes within a few miles 
of Schenectady, television receivers and broad- 
cast receivers were installed, the object of the 
demonstration being an endeavour to show 
that the day of the home televisor is not far 
distant. 

No attempt was made automatically to 
synchronise the receiving televisors with the 
transmitting mechanism, the object of the 
omission of all synchronising mechanisms 
being to simplify the device. 

At the receiving stations, ordinary direct 
current motors were used to drive the revolv- 
ing discs, and the speed of these motors was 
controlled manually, the operator watching 
the image and keeping the speed constant by 
means of a hand-controlled regulator. 

D.C. motors have а habit of “ hunting,” 
which will be described more fully in the next 
chapter; but it is possible to keep them at a 
fairly constant speed by expert hand regula- 
tion. The operation, however, partakes of 
the nature of a feat of juggling, and simply 
begs the whole question of synchronism. 
Even with the most expert manipulation the 
picture cannot be kept steady for longer 
than very brief intervals. 

There was no feature of novel interest in 
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the apparatus employed by the General 
Electric Company at this demonstration. It 
has served, however, to render all the more 
significant the fact that the only television 
systems which have given results up to the 
present are worked along lines identical with 
those first disclosed by Baird and demon- 
strated by him in this country. 

Another significant feature is the fact that 
the G.E.C. have, for the time being at least, 
abandoned, in favour of the neon tube light 
source, a system of projection outlined by 
them last year. 

In this system it was proposed to use a 
seven light spot arc lamp projector, the 
brilliancy of the light spots to be controlled, 
before projection on to the receiving screen, 
by means of shutters controlled, in turn, by 
seven separate photoelectric cells at the 
distant transmitter. This, of course, entailed 
the use of seven separate transmission 
channels, either wire or wireless. То cause 
the seven light spots to move together to and 
fro across the screen it was proposed to use a 
revolving mirror polyhedron. 


СНАРТЕК ІХ 
METHODS ОЕ SYNCHRONISM 


ON: of the greatest problems in connec- 
tion with television is that of securing 

and maintaining synchronism between the 

transmitting and receiving mechanisms. 

In phototelegraphy, as distinct from tele- 
vision, the problem is relatively simple of 
solution, for the speed of transmission is so 
very much slower. Also, as will be made 
clearer later, synchronism in phototelegraphy 
need only be carried out in what might be 
described as a single dimension, as far as the 
automatic mechanism is concerned ; whereas, 
in television, it must be carried out, in a 
sense, to two dimensions. 

In most systems of phototelegraphy the 
problem resolves itself into the rotation at 
precisely equal speeds of two cylinders, one 
at the transmitter and one at the receiver. 
The recording device at the receiver can be 
set to the correct starting point by hand, and 
simultaneous starting of the two cylinders can 
be effected by some form of prearranged 
signal. 
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TUNING-FORKS III 


The maintenance of equal speeds of opera- 
tion of different mechanisms can be accom- 
plished in several ways which have been 
devised from time to time for different pur- 
poses. The methods employed may be roughly 
divided into two classes, in one of which 
independent generators of a controlling cur- 
rent of constant frequency are used at both 
the transmitting and receiving stations. In 
the other class a constant frequency generated 
at the transmitter is sent to the receiver and 
applied there to control the speed of the 
mechanism. 

Devices of the former class generally make 
use of electrically driven tuning-forks or 
clockwork-operated pendulums as the means 
of generating accurately timed impulses. For 
slow-speed work it is sufficient to arrange for 
a swinging pendulum to close a contact at 
the end of its swing, but for higher speed 
work, or for greater accuracy, it is better to 
make use of the more rapid impulses obtain- 
able from a vibrating fork. 

The general arrangement of an electrically 
operated tuning-fork is shown in Fig. 20. 
Current flowing through the windings of the 
electromagnet attracts the fork, pulling it over 
so that the interrupter contact is opened, thus 
switching off the current and permitting the 
fork to return to its normal position, when the 
contact once more closes and the fork is again 
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attracted. The action is similar to that of a 
buzzer, only, in this case, the perfectly tuned 
fork sets up, in the battery circuit, an inter- 
mittent current the frequency of which 
" corresponds exactly with the frequency of 
vibration of the fork. 

Representative of the manner in which a 
fork can be applied to synchronise two 
remotely separated mechanisms is the system 
of synchronism developed by Captain R. H. 
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Fic. 26.—AÀ Еокм or TUNING-FORK INTERRUPTER WHICH IS KEPT 
VIBRATING BY MEANS OF AN ELECTROMAGNET. 


Ranger, of the Radio Corporation of America, 
and used in the transmission of photographs, 
facsimiles, etc., between London and New 
York, and between New York and Honolulu, 
by combined wire and wireless transmission. 
These transmissions, it should be clearly 
understood, constitute phototelegraphy, not 
television. 

The circuit arrangements of the Ranger 
synchronising method are given in Fig. 27. 
The heart of the device is the electrically 
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[Photo courtesy Radio Corporation of America. 
THE SYNCHRONISING FORK EMPLOYED IN THE 
RANGER SYSTEM OF PHOTOTELEGRAPHY. 


It is kept in a constant temperature box. 
[113 
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operated tuning-fork, which is mounted in 
an insulated case. This case is kept heated 
to a constant temperature by means of a 
lamp. Ву keeping the temperature constant, 
variations in the frequency of vibration of 
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Fic. 27.--Гнів DIAGRAM SHOWS THE INDEPENDENT AND SELF-CON- 
TAINED FORM OF SYNCHRONOUS MOTOR DEVISED BY САРТ. К. Н. 
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The shaft of the ordinary shunt-wound D.C. motor carries at one end 
a revolving neon tube. en the fork contacts are closed under 
certain conditions, the motor speed is increased or decreased, as 
ern in the text. The chronometer checks the tuning-fork once 
a second. 


the fork, due to expansion and contraction of 
the metal at various temperatures, is avoided. 

The tuning-fork is caused to vibrate at a 
frequency of 70 per second by means of the 
electromagnet and interrupter contacts shown, 
and a chronometer, operating through a relay 
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and the correcting magnet, keeps the frequency 
of vibration constant. 

In the upper right-hand corner of Fig. 27 
is the D.C. shunt-wound motor which drives 
the photo-transmission mechanism, and the 
vibrating fork keeps its speed of rotation 
constant in the following manner. 

If, at a given moment, all the tuning-fork 
and commutator contacts are closed, the 
variable resistance in series with the field 
winding of the motor is short-circuited and 
the speed of the motor is reduced, due to the 
sudden rush of current through the field 
winding. 

At another moment it may be that the con- 
tacts are closed through the tuning-fork апа, 
auxiliary commutator segments and slip rings 
at the left-hand end of the motor shaft. in 
such a case the field winding of the motor 
will be short-circuited, and due to the greatly 
weakened field the speed of the motor will 
increase. This action goes on repeatedly, 
so that the average speed of the motor 
remains constant. 

The motor is designed to run at a speed of 
2,100 revolutions per minute. In order to 
check the synchronism a neon tube is fitted 
on to the end of the motor shaft, and revolves 
with it. This tube receives an impulse for 
each vibration of the fork, i.e. 70 per second, 
or 4,200 per minute. The tube therefore 
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receives two impulses for each revolution of 
the motor shaft. The result, to the observer, 
is a stroboscope effect. 

That is to say, if the motor is revolving in 
perfect synchronism with the tuning-fork, 
the neon tube appears to be stationary. If 
the speed is below synchronism, the neon tube 
will appear to be turning slowly backwards, 
like the wheels of a motor-car often appear to 
be on the cinematograph screen. If the 
. motor speed is above synchronism, then the 
neon tube will appear to turn slowly forward. 

Exactly similar driving motors and tuning- 
forks are supplied to the transmitting and 
receiving stations, particular care being taken 
over the tuning of the fork, so that the trans- 
mitting and receiving mechanisms are certain 
to revolve at the same speed, ie. in syn- 
chronism. 

This method, although eminently satis- 
factory for phototelegraphy, is not suitable 
for television, for it is rather complicated, 
and with the greatly increased speed of trans- 
mission involved in television the degree of 
synchronism obtainable is not sufficiently 
great. 

The other class of synchronising method, in 
which the synchronism of the receiver 
mechanism is under the direct control of 
a constant frequency generator at the trans- 
mitter, involves the transmission to the 
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receiver of the constant frequency current, 
and the use of a control mechanism at the 
receiver which is capable of being operated 
at a speed which is dependent solely and 
absolutely on the frequency of the incoming 
current impulses. 

It matters little what form of constant 
frequency generator is employed at the 
transmitter, solongasthe generated frequency 
is sufficiently high. Пі may be an electrically 
operated tuning-fork, or a valve oscillator 
controlled by a tuning-fork or a quartz 
crystal; or it may be a small alternating 
current dynamo coupled to the shaft of the 
main driving motor of the transmitter. 

At the receiver it is usual to cause the in- 
coming constant frequency current to drive 
a small synchronous motor which is coupled 
to the shaft of the main receiver driving motor. 
Synchronous motors consist essentially of an 
armature,or rotor, supplied with an alternating 
current; and a stator supplied with direct 
current. Inaneven simpler form, such as that 
shown in Fig. 28, the alternating current is fed 
to the stator, and the rotor may be either a 
wooden drum with longitudinal iron strips, or 
an iron wheel with teeth cut out of its peri- 
phery. Each A.C. impulse energises the stator 
magnets and pulls the rotor round, due to the 
attraction between the magnets and the teeth 
or strips of the rotor. 
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The speed at which such motors run is 
entirely dependent upon the periodicity, or 
frequency, of the alternating current supply, 
and upon the number of poles present in the 
rotor or stator, whichever is receiving the A.C. 
It follows, therefore, that if the periodicity 
of the A.C. supply is absolutely constant, the 
speed of rotation of the synchronous motor 
is also constant. Furthermore, if such a 
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Fic. 28.—THE SIMPLEST Form OF SYNCHRONOUS MOTOR, SOMETIMES 
CALLED A PHONIC DRUM. 


motor is coupled to another motor which is 
inclined (if left to itself) to vary in speed 
slightly, the synchronous motor will keep 
the second motor running at a constant 
speed also. 

Thus, by generating a constant frequency 
current at the transmitter, causing part of 
it to control the speed of rotation of the 
transmitter mechanism, and sending part of it 
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over a circuit to the receiver, there to drive 
a synchronous motor, the receiving mechanism 
can be kept running at exactly the same speed 
as that at the transmitter. 

The above method gives more accurate 
control over the two mechanisms than does 
the previous method of independent control. 
In the latter method, absolute constancy of 
the frequency of the controlling current is a 
sine qua non. In the former method, con- 
stancy is not a first requisite, for whatever 
variations affect the transmitter, they affect 
the receiver in like degree and absolutely 
in unison. 

The system can thus be simplified by dis- 
pensing with an elaborate constant frequency 
generator. In place of it, a small A.C. 
dynamo can be mechanically coupled to the 
shaft of the motor which drives the trans- 
mitting mechanism, the generated current 
being sent to the receiver, there to drive the 
synchronous motor. It then follows that if 
the transmitter motor varies in speed, the 
frequency of the output of the A.C. generator 
will vary, which in turn will cause the speed 
of the synchronous motor and the receiver 
driving motor coupled toit to vary. The fact 
that they do vary does not matter, for they 
vary in exact unison, and synchronism is 
still preserved. 


СНАРТЕК Х 
METHODS ОЕ SYNCHRONISM (continued) 


r the transmitting and receiving mechanisms 

of a phototelegraphy system are not run- 
ning in synchronism, distortion of the received 
image is the result. If, throughout the trans- 
mission, the receiving mechanism is running 
consistently faster or slower than the trans- 
mitter, the received picture, instead of being 
square in outline, will appear diamond shaped, 
and all the details of it will be twisted. 

If the receiving mechanism is running at 
times faster, and at times slower, the dis- 
tortion will be even worse, and may easily 
render the picture completely unrecognisable. 
A similar wavy effect could be produced on 
a wet photographic negative which has been 
immersed in warm water to soften the film, 
by running the finger alternately up and 
down it in parallel lines. 
~ Ш phototelegraphy, given synchronism 

between the transmitter and receiver, the two 

mechanisms can be stopped at the end of the 

transmission of a picture, and simultaneously 
II9 
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restarted for the transmission of the next, thus 
ensuring that both mechanisms begin at the 
proper starting point, in step with each other. 

In television, however, both mechanisms 
are running continuously, transmitting and 
receiving, one after another, sixteen complete 
pictures рег ѕесопа. Under these conditions it 
is possible for both mechanisms to be running 
at the same speed and still the image may be 
incorrectly received at the distant receiver. 

This difficulty has given rise to a common 
misunderstanding, prevalent even in technical 
circles, which, in turn, has caused the difficulty 
of synchronism in television to be, to some 
extent, overrated. 

It has often been stated that a difference of 
phase of only 1 per cent. between the trans- 
mitter and receiver is sufficient to spoil the 
definition of the received image. Were such 
a statement correct the problem of syn- 
chronism would indeed be one of immense 
difficulty. 

Fortunately, however, an analysis of the 
facts shows that if the transmitting and 
receiving mechanisms are out of phase the 
image is not blurred, but merely displaced. 
The definition remains unaffected. The effect 
is as if the image of a man's face, instead of 
being visible squarely in the centre ofthe 
receiving screen, were displaced to right or 
left, so that his face appeared to be cut off 
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A SIMPLE FORM OF SYNCHRONOUS MOTOR. 


EFFECTS OF LACK ОЕ SYNCHRONISM 121 


vertically, say, by the nose. On the other 
side of the screen the other half of his face 
would then be visible, also cut off by the nose. 
In the centre of the screen his right and left 
ears would be almost touching each other. 

In phototelegraphy a similar effect would be 
obtained if, on starting the transmitting 
cylinder at the beginning of a picture, the 
receiving stylus were set, not at the commenc- 
ing end of the cylinder, but somewhere in 
the middle. If, when the recording stylus 
reached the end of the cylinder it were to be 
lifted and set at the other end of it, the 
correct starting point, the result would be 
that the left half of the face would be on the 
right-hand side of the picture, and vice versa. 

This difficulty cannot arise in phototele- 
graphy, except through carelessness, for the 
correct starting point is arranged first by hand 
before starting up. In television, with con- 
tinuously running mechanisms handling six- 
teen complete pictures per second, it is not 
possible to arrange the starting point correctly 
by hand ; some electrical or mechanical means 
of doing the job must be found. This is 
what was meant when it was stated that, in 
television, synchronism must be carried out, 
in a sense, to two dimensions. 

The distortion, or blurring of a television 
image is caused only by different speeds pre- 
vaiing at the transmitter and receiver; 
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that is to say, by lack of tsochronism. Two 
mechanisms may be in isochronism, and yet 
not be in synchronism ; and as the distinction 
between the two expressions may not be 
familiar to many readers, it may be as well 
to define it. 

When two machines are said to be running 
in isochronism, what is meant is that they are 
running at the same speed, but are out of step, 
just as two men's legs may be out of step 
although both are moving at the same speed 
and the feet of both strike the ground at the 
same instant. А similar case is that of two 
clocks which are both keeping perfect time, 
although the hands of one might point to 
2.30 and the hands of the other to three 
o'clock. Isochronism has been achieved in 
both cases, but for synchronism to be achieved 
the two men would have to be what the army 
calls “іп step ” and the hands of both clocks 
would have to indicate exactly the same hour. 

When the first efforts were made to achieve 
television, attempts were made to obtain 
isochronism by means of the methods used 
in phototelegraphy, briefly referred to in 
Chapter IX. Such methods, however, do 
not lend themselves to television, for, as 
already stated, they are either too complicated 
or insufficiently accurate, or both. 

By using synchronous motors, however, 
perfect isochronism can readily be obtained, 
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and the mechanical and electrical arrange- 
ments involved are not nearly so complicated. 
It was with the aid of such motors that the 
first successful demonstration of silhouette 
television by wireless was given by Baird in 
April 1925. 

At first glance, it might be supposed that 
isochronism between two television mechan- 
isms could be obtained by using two exactly 
similar motors controlled by rheostats and 
run at exactly the same speed, as indicated by 
some form of speedometer. This cannot be 
done, however, for ordinary electric motors 
continually vary slightly in speed, due to 
small variations in the supply current and 
other reasons. These variations occur too 
rapidly to be adequately corrected by a hand- 
controlled rheostat. This habit of variation 
is known as “ hunting," and before television 
can successfully be achieved, the hunting 
propensities of at least one of the machines 
must be brought under exact control. 

The main driving motor at the transmitter 
has this usual tendency to hunt; and if the 
_ system of synchronism employed involves the 
use of an A.C. generator coupled to its shaft 
to produce the isochronism impulses, it may 
be allowed to hunt unchecked, for the periodi- 
city of the generated A.C. varies in exact 
accordance with its speed wanderings. 

On the other hand, the main driving motor 
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at the receiver is not allowed to hunt inde- 
pendently. Its speed is under the cast-iron 
control of the synchronous motor coupled to 
it; and as the speed of the latter varies 
precisely in sympathy with the periodicity 
changes of the distant A.C. generator, it 
follows that the main receiver motor must at 
all times be revolving at exactly the same 
speed as the main transmitter motor. The 
fact that they both hunt slightly does not 
matter, for they hunt in unison. Therefore, 
isochronism is achieved. 

There remains now the question of syn- 
chronism. That is to say, although we now 
have the two machines running at exactly 
the same speed, we have, as yet, no means for 
adjusting the mechanisms so that they run 
1n phase with each other. ' 

Ás stated earlier on, a difference of phase 
does not cause blurring of the image or loss 
of definition. It merely causes a shift of the 
image as a whole, and this image shift is very 
simply rectified by the expedient of rotating 
the receiver driving mechanism as a whole 
about its spindle until the picture comes 
into view in its proper place. 

This rotating action is very similar to the 
method of adjusting the spark gap of an old- 
fashioned synchronous spark wireless trans- 
mitter. In thelatter case, since the revolving 
electrodes were mechanically coupled to the 
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shaft of the A.C. generator, the two were, of 
necessity, in isochronism at all times. The 
spark, however, might easily be out of phase, 
as indicated by an apparent violent oscillation 
back and forth of the revolving electrodes, 
as viewed end on. To bring the spark into 
phase, the fixed electrodes were simply rotated 
round the circumference of the revolving disc 
until synchronism was indicated by the disc 
appearing to stand still. 

The phasing of a television image may also 
be compared to the action performed by a 
cinematograph projector operator when the 
picture appears on the screen with the actors' 
feet at the top of the screen and their heads at 
the bottom, with a dividing line across the 
middle. All that is required is a simple 
adjustment to '' frame ” the picture properly. 

In Fig. 29 a cross-sectional view is given of 
a television receiver driving mechanism. At 
the extreme right-hand end of the shaft is 
the scanning disc. Farther to the left, 
within the carcase, is the main driving motor, 
which may be supplied with either D.C. or 
A.C., whichever is available. To the left of 
that is the synchronous motor which controls 
the speed of rotation of the main motor, 
giving isochronism. 

The carcase of these motors is mounted on 
bearings, so that it can be rotated bodily by 
means of a handle operating through a worm 
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gear. This feature is more clearly shown in 
Fig. 30. 
It will be seen that this mechanism has the 
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Fic, 29.—THE ARRANGEMENT OF THE RECEIVER Main DRIVING 
Моток AND SYNCHRONOUS CONTROL MOTOR. 


Showing how the carcase of the motors is rotated by means of a 
handle operating through a worm gear to obtain synchronism. 


merit of extreme simplicity, and it would 
appear to work extremely well in practice, 
for it is essentially the method used not only 
by Mr. Baird in this country, but also by the 
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American Telephone & Telegraph Co. in 
their demonstration between Washington 
and New York. 
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FIG. 30.—ANOTHER SKETCH OF THE SYNCHRONISING AND DRIVING 
OTORS. 


Mr. Baird's Patent No. 236,978 of 1924 de- 
scribes this method of rotating the mechanism 
to obtain synchronism, and to him belongs 
the credit of being the first successfully to 
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apply these synchronising principles to tele- 
vision. | | 

In practice, after running up to speed both 
transmitting and receiving mechanisms, and 
thus automatically achieving isochronism (by 
virtue of the control exerted by the syn- 
chronous motor), all the operator has to do 
to achieve synchronism is to watch the 
received image on the screen, and turn the 
worm gear handle shown in Figs. 20 and 30 
until the picture appears on the screen in its 
proper place; or in cinematograph parlance, 
until it is properly '' framed." 

There remains the question of the trans- 
mission to the receiver of the A.C. syn- 
chronising current generated at the transmitter. 

It is, of course, impossible at the present 
time to transmit power by wireless, or over 
‚ a telephone line. Therefore, some means 
must be provided whereby the A.C. can be 
caused to influence the receiver. This is 
done by causing the A.C. to modulate the: 
carrier current, in the case of wire com- 
munication between two points, or the carrier 
wave, in the case of wireless communication. 

This modulation, of course, takes the form 
of a continuous note of audible frequency, 
corresponding to the periodicity of the 
generator output. The American Telephone 
& Telegraph Co., when they gave their 
demonstration, used a separate channel for 


J. L. BAIRD PHOTOGRAPHED BEFORE THE PILOT IMAGE SCREEN, AND 
AT THE CONTROLS OF THE MACHINE USED TO TRANSMIT TELE- 
VISION ACROSS THE ATLANTIC, AND TO THE BERENGARIA. 


This particular machine re-produced on the pilot screen an image of a human head 
which was life-size, without the use of magnifying lenses. 
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the synchronising frequency. At the receiv- 
ing station the synchronising note, after 
amplification by means of valve amplifiers, is 
fed to the synchronous motor. 

To make the entire subject clear to the 
reader, we will describe the exact apparatus 
and methods used on the occasion of Mr. 
Baird's first public demonstration of tele- 
vision, in April 1925. At this demonstration, 
which was an early effort with crude apparatus, 
outlines were shown; and two separate 
channels were used, one for the television 
impulses, and one for the synchronising im- 
pulses. However, the method employed was 
essentially the same as that described above. 

The transmitter was connected to two small 
frame aerials, one of which transmitted the 
television signals, while the other transmitted 
the note caused by the A.C. generator. At 
the receiving station, which was at the other 
end of the same room, two similar frame 
aerials were employed to pick up the two sets 
of impulses. 

The synchronising note, after being picked 
up by the frame aerial and its associated 
tuning apparatus, was amplified by a 3-valve 
Mark IV amplifier, the output of which was 
connected to a Post Office relay. The ampli- 
fied alternating current, therefore, caused the 
reed of the relay to make contact first in one 
direction and then in the opposite direction. 
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That is to say, the reed was caused to oscillate, 
or vibrate, between the two fixed contacts set 
on either side of it. The output of the relay 
was therefore an alternating current, directly 
in phase with the A.C. generated at the 
transmitter. 

In order to isochronise the two machines, the 
receiver driving motor was first run up to 
speed, under the rough control of a rheostat. 
Тһе synchronous motor, of course, came up 
to speed as well, although, as yet, unsupplied 
with current. The input to the synchronous 
motor was controlled by means of a double 
pole switch, which connected it to the output 
of the relay. Across the contacts of the 
switch were connected two little lamps. 

As the synchronous motor came up to speed, 
the lamps flickered, the flickering becoming 
less and less (i.e. diminishing in frequency) 
as the speed of the synchronous motor (and, 
of course, the main driving motor) approached 
that of the generator at the transmitter. 

When the speeds became exactly isochronous 
the flickering ceased and the lamps went out 
entirely. At that moment the switch was 
closed and the current from the relay fed to 
the synchronous motor. This current was 
sufficient to prevent the synchronous motor 
creeping out of phase, which, in turn, prevented 
. thereceiver main driving motor from hunting 
independently of the transmitter motor. 
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Isochronism having been achieved, syn- 
chronism was obtained, as already explained, 
by rotating the receiver motor bodily until 
the received image appeared in its proper 
place. 

It will be understood, of course, that the 
synchronising current, even after amplifica- 
tion, is extremely small, but where well- 
balanced mechanisms are employed, only a 
very small synchronising current is necessary 
to keep them in step. 

During the course of his original experi- 
ments, Baird used a synchronising frequency of 
500 cycles, but the higher the frequency used, 
within limits, the more accurate is the degree 
of control. During their Washington-New 
York demonstration, the А. T. & T. used a 
synchronising frequency of 2,000, which is, 
perhaps, unnecessarily high, and adds to the 
difficulties of sending both television and 
synchronising impulses over the same circuit. 
At a frequency of 2,000, filtering becomes a 
somewhat dangerous method of separating the 
two sets of impulses, for some of the television 
impulses may easily extend in frequency below 
2,000, and would thus be cut off entirely from 
the television part of the circuit, and, instead, 
be led into the synchronising part of the 
apparatus, there, perhaps, to cause trouble by 
interference. 

It is understood that Baird has recently 
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developed other synchronising methods by 
the use of which he has been able to dispense 
with a separate channel of communication. 
Details of this latest development are not 
available at the time of going to press, but 
it is believed that the new method 15 extremely 
simple, elaborate oscillating circuits not being 
required. Judging by results, which the 
author has been privileged to see, the system 
is remarkably effective, and apparently auto- 
matic in action. 
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SPEED LIMITATIONS ОЕ TRANSMITTING 
MEDIUMS 


ANOTHER important factor in connection 

with television, which has been only 
lightly touched upon so far, is the possible 
speed at which electrical impulses may be 
transmitted over a circuit, either wire or 
wireless. 

In phototelegraphy two distinct methods 
of transmission have been developed, both 
of which are applicable to either wire or 
wireless circuits. In one of these methods 
the fluctuating output current of the light- 
sensitive cell, after suitable amplification, is 
caused to modulate a steady carrier current, 
in the case of wire communication; or a 
Carrier wave in the case of wireless trans- 
mission. In both cases the effect of the 
modulation is similar to the modulation of 
the carrier which occurs in telephony. 

The other method is somewhat comparable 
to telegraphy, inasmuch as the carrier current 
or wave is interrupted altogether, the picture 
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impulses being transformed into entirely 
separate and discontinuous current or wireless 
impulses. 

The former, or modulation method, gives 
by far the best results, for delicate degrees 
of impulse intensity can easily be transmitted 
by varying the degree, or depth, of the 
modulation. This tends to give more delicate 
differentiations of light and shade in the 
received picture. 

When these delicate degrees of modulation 
have to be transmitted over great distances, 
however, the finer distinctions of current 
values tend to become smoothed out and lost. 
In the case of communication by wire or 
submarine cables over great distances, this 
smoothing-out effect is produced by the 
distributed inductance and capacity of the 
wire or cable circuit. This has long been one 
of the greatest difficulties which the cable 
companies have had to contend with in their 
efforts to speed up signalling, and, in the 
case of long submarine cables (where the 
effect is much greater), has entirely pro- 
hibited the establishment of long-distance 
transoceanic telephony. 

Where the modulation method of picture 
transmission is done by means of wireless, the 
well-known fading effects which are experi- 
enced with long-distance wireless communica- 
tion obliterate many of the finer shades of 
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current impulses, and, thus, of the finished 
picture. 

With the interruption method of signalling, 
although the results are necessarily much 
coarser of grain and devoid of fine distinctions 
of light and shade, the results obtainable 
over great distances are more reliable. It 
is this method which is used in the trans- 
mission of pictures between London and New 
York. | 

An important point in connection with both 
modulation and interruption systems of photo- 
telegraphy, however, is that speed is not of 
such vital importance as it is in television. 
There is no reason why half an hour should 
not be occupied in the transmission of a 
single picture, in the case of phototelegraphy ; 
but in television a complete picture must be 
transmitted and received in not more than 
one-tenth of a second. 

This rules out the interruption method of 
signallng entirely, for the speed of trans- 
mission is far. too high for such a system to 
respond to. А simple calculation will reveal 
just how high the speed of signalling may be. 

In order to get а received image of fair 
quality the least we can be satisfied with is 
10,000 different values of light intensity. 
That is to say, the picture must be made up 
of at least 10,000 dots of light of different 
intensity, or the grain will be intolerably 
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coarse, resulting in a very crude image. This 
may mean that the moving light spot will 
pass across the screen in ten PT strips, 
each strip, or light-spot path, being sub- 
divided into roo different light values. 

If this process is repeated over and over 
again at the cinematograph speed of sixteen 
pictures per second, it means that 160,000 
changes of light value, or picture impulses, 
are required per second. Such a speed 
seems, on the face of it, inconceivable. More- 
over, a good picture really requires an ele- 
mental basis of more than ten strips, so 
that a more suitable speed for the light 
impulses would be somewhere about 300,000 
per second ! 

Thus, the light-sensitive cell at the trans- 
mitter, the light source at the receiver, and 
the medium of transmission between the two 
stations, must all be capable of responding 
to, and carrying, impulses occurring at a 
frequency of 300,000 per second. 

The difficulties in connection with light- 
sensitive cells and light sources can, as has 
already been described in Chapter VII, be 
overcome by employing a plurality of cells 
and light sources. 

Assuming that this is done, and that the 
outputs of all the cells are arranged to be 
sent over a single circuit, there remams the 
problem of transmitting 300,000 impulses per 
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second over that circuit. At such an enormous 
speed of operation, the interruption method 
is obviously ruled out, and it is questionable 
whether а wire circuit of the ordinary carrier 
current type could be arranged to transmit 
impulses at this frequency. 

As far as submarine cables are concerned, 
transmission could not be effected over a 
single cable as they are designed to-day. 
The fastest existing cable, known as a 
permalloy cable, has a maximum operational 
capacity of about 500 words per minute for 
telegraphy. At this speed, only about 125 
impulses per second are transmitted. 

Wireless transmission does not offer a 
complete solution to the difficulty, for in 
order to overcome fading effects, it is necessary 
to use a very long wave-length, of the order 
of 10,000 metres or over, and at such high 
wave-lengths rapid transmission is not possible 
on account of the appreciable length of time 
it takes for an impulse, delivered to the 
transmitter, to charge up the long tuned 
antennas used in modern high-power long- 
wave wireless transmitters. If the speed of 
transmission is increased above a certain 
limit, depending upon the characteristics of 
the transmitting aerial, the latter will not 
have time to become fully charged ; which 
means that individual impulses will be 
attenuated, or weakened, before they leave 
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the transmitting aerial. Under such condi- 
tions, perfect reception is impossible, and the 
received image will suffer. 

Going to the other extreme, i.e. using 
 ultra-short wave-lengths, wil overcome the 
difficulty of the speed of transmission, but 
as fading is more prevalent on short waves, 
the attenuation of impulses is only trans- 
ferred from the transmitter to the receiver. 
However, by using methods already employed 
for high-speed radio-telegraphy purposes, the 
fading difficulty might be overcome. If not, 
there would appear to be no alternative but 
to employ several different channels, con- 
necting each of several light-sensitive cells 
to a different channel; and at the receiver 
connecting a separate light to each channel. 
. If this were done, then it could be arranged 
that the entire transmission be split up over 
the several channels, each taking a part of 
the picture, and thus lowering the speed of 
transmission over each individual channel. 

There immediately arises, then, the diffi- 
culty of available channels, or wave-lengths, 
for there are so many wireless stations already 
in existence that there is but little room for 
further increase. However, if it were decided 
to use, say, seven channels, or wave-lengths, 
separated from each other by roo kilocycles 
(thus giving a television wave-band 700 
kilocycles wide), such a television wave- 
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band might be placed between 20 and 21 
metres. 

In such a case, of course, seven separate 
wireless transmitters and seven separate 
receivers would be necessary, unless a Ham- 
mond multiplex system were employed. In 
the latter case, the seven carrier waves could 
all be radiated by a single aerial, and sorted 
out by a suitable receiving system, workihg 
off a single receiving aerial. 

What the final solution of the problem will 
be still remains to be seen, after further 
research work has been carried out. As far 
as wire transmission is concerned, it is possible 
that a solution may be found by employing 
“ wired wireless," i.e. by substituting a radio 
frequency carrier wave, or waves, for the 

ordinary D.C. carrier. 

As far as Mr. Baird’s experiments are con- 
cerned, the methods he uses have not, so far, 
brought the speed of signalling beyond the 
transmission capacity of ordinary telephone 
lines (this will be more fully explained in the 
next chapter), and he has on several occasions 
used them during public demonstrations of 
television over considerable distances, notably 
between London and Glasgow last May, a 
distance of about 430 miles. As far as wire- 
less transmission is concerned, he is at present 
experimenting with short waves, and has 
already experienced difficulty, due to fading. 
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In our last chapter, however, we shall describe 
how these experiments culminated in the 
spanning of the Atlantic. 

Where wireless transmission of television is 
employed, the received image is liable to 
electrical distortion if all the apparatus used 
is not properly adjusted, and its effects are 
almost as distressing as distortion in a loud 
speaker. The difference, of course, is that it 
is not music, but the image which suffers. 

Fortunately, distortion in television is easily 
remedied, much more so than in the case of a 
loud speaker, for each effect can be seen, and 
the eye is a more reliable measuring instru- 
ment than the ear. 

Interference, such as is experienced by 
broadcast listeners, affects television also 
when it is transmitted by wireless. With 
television, interference takes many peculiar 
shapes. The whoops and whistles which 
frequently mar radio reception appear on the 
televisor screen as small snowstorms—a mass ` 
of whirling white flakes passing across the 
screen—while interference caused by electric 
light mains appears as a series of white bands 
moving up and down the image. Atmospherics 
appear in the form of white flashes. 

It would be very convenient indeed if we 
could combine broadcasting with television, 
using the same wave-length, so that, by means 
of a single receiver, we could tune in to our 


ILLUSTRATING THE APPEARANCE OF А PHONOVISION TEST 
RECORD. 


When “played” over, using an electrical pick-up, the indentations are con- 
verted into electrical impulses which, when fed to a televisor, reproduce the 
recorded image visibly and recognisably on the screen. 
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favourite station, and both see and hear what 
was taking place in the studio; but this 
alluring suggestion must, it is to be feared, be 
put aside, for the time being at least. 

As we have already seen, the demands 
made upon the transmission medium are so 
great that the problem of sending the tele- 
vision impulses alone over a single channel 
is sufficiently imposing, without complicating 
it by the addition of speech and music 
frequencies. 

The А. T. & T. Co,, in their demonstration, 
used. three channels in all, one for television 
impulses, one for the synchronising frequency, 
and опе for speech. Mr. Baird, by sending the 
television and synchronising currents over the 
same channel, has been able to give his 
demonstrations with the use of but two 
channels, and, for the time being at least, it 
would appear that this is the best that may be 
hoped for. Subsequent research, of course, 
may indicate a way out of the difficulty, but 
at the present time the position remains as 
described above. | 


СНАРТЕК ХП 
PHONOVISION AND NOCTOVISION 


ALTHOUGH the speed of signalling, as we 

have seen in the last chapter, may, theo- 
retically, run into hundreds of thousands of 
impulses per second, it does not necessarily 
follow that the full total number of impulses 
does actually flow through the circuit during 
any given second. Far from it. 

What is meant is that, if a single image is 
divided up into 10,000 picture elements, and 
ten pictures are sent in one second, the circuit 
should be capable of transmitting 100,000 
impulses per second, if required. With the 
average picture this heavy demand will not 
be made, for there are usually comparatively 
large areas of a picture or scene which have 
the same tone depth. That is to say, large 
areas of the scene will reflect the same amount 
of light to the television transmitter. 

The result of this is that certain image 
strips may have practically the same density 
throughout. For example, consider an image 
strip in which one half is completely dark, 
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while the other half is brilliantly illuminated. 
That particular strip, in passing over the light- 
sensitive cell, for fifty of its 100 subdivisions, 
will register nothing on the cell; for the 
remaining fifty, maximum illumination will 
fall on the cell fifty times running, which 
corresponds to a single extended current 
impulse, instead of fifty short impulses of 
varying intensity. 

Thus, instead of giving rise to 100 separate 
current impulses, that particular image strip 
causes but one impulse, which is repeated at 
the same intensity, which is equivalent to a 
single long impulse. · 

This example, although perhaps rather ex- 
treme, serves to illustrate the principle that 
although the mechanism employed may be 
capable of dividing the image up into 10,000 
consecutive light flashes, so many of these light 
flashes, occurring consecutively, may have 
exactly the same value, that it is seldom that 
10,000 different current impulses are required 
accurately to reconstruct the picture. 

In practice, the current impulses appear to 
follow one another in groups or trains, like 
the damped wave trains set up by the dis- 
charge of a Leyden jar. If a pair of head 
phones is plugged into the circuit at a suit- 
able point, these trains of impulses can be 
heard as an irregular series of sounds, the 
regularity and character of them depending 
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upon the subject placed in front of the trans- 
mitting televisor, and upon the amount of 
movement in the subject. 

With a little practice, in fact, it is possible 
to tell by the sounds heard what it is that is 
being televised. Every human face gives out 
its own characteristic image sound, and after 
listening for some time it becomes possible 
to recognise the sitter by the sound of his or 
her face ! 

It is these sounds which are used to modu- 
late the carrier wave if wireless transmission 
15 being employed, and if the transmission 15 
listened to on an ordinary radio receiver 
these sounds can be heard quite distinctly. 

For example, the face of an individual 
looking straight at the transmitter sends out 
a series of sounds something like “ Brump, 
brump, brump," etc. ; but when turned side- 
ways the profile produces a note like “ Perahh, 
perahh, perahh," etc. A hand with fingers 
extended, if passed in front of the transmitter, 
sounds like the grating of a very coarse file, 
or а saw; and an inanimate object, such as а 
box, gives a single steady note. This the 
animate object cannot do, for the slightest 
movement of the features is turned into sound 
waves by the action of the transmitter. 

This ability to hear the image impulses 
opens up important possibilities, for if the 
impulses can be heard, they can also be 
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THE BAIRD NOCTOVISOR. 


The banks of lamps on both sides and above are covered with 
ebonite filters, which allow only infra-red rays to pass. The 
pipes are for ventilation only. 
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recorded on a gramophone record. Mr. Baird 
has interested himself considerably in this 
possibility, and has initiated many experi- 
ments in the recording of image sounds. 

Once recorded, these image sounds can be 
played over on an ordinary gramophone and 
thus made audible again. There is not much 
value in such an accomplishment in itself, 
except for the novelty of listening to a face, 
or for demonstration work at lectures, etc. 

The real potential value of the development 
lies in the fact that the indentations of the 
records can be transformed back into visible 
images again! To do this, the ordinary 
gramophone sound-box is replaced by an 
electromagnetic pick-up device, which turns 
the indentations on the record into electrical 
impulses, which, after amplification, are caused 
to vary the light source of a television receiver. 
It is not necessary to synchronise, as the 
exploring disc and vision record are driven 
from the same motor. 

This combination of gramophone and 
televisor, which is still in the laboratory 
stage of its existence, Baird calls a “‘ Phono- 
visor.” As will readily be appreciated, it ' 
offers immense possibilities as an alternative 
to the cinematograph film as a means of 
recording scenes permanently, so that they 
may be reproduced at will at a later date. 

Another of Baird’s developments, of which 
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much has been written in the Press, is 
“ noctovision," which will now be described. 

During the first demonstrations of true 
television, tremendously powerful lights were 
necessary in order adequately to illuminate 
the sitter whose image was to be transmitted 
to distant points. So powerful were these 
lights, in fact, that the unfortunate “ victim ” 
was well-nigh blinded and burned by their 
intensity, and Baird was once told that even 
a music-hall star would shrink from such an 
intense spot-light ! 

Improvements in the light-sensitive cell 
have now enabled him to dispense with such 
intense illumination, the lighting now used 
being, in fact, comparable with that in use 
at a photographic studio. In fact, ordinary 
daylight can now be employed, as described 
later on in this book. 

It was whilst he was working on the problem 
of reducing the amount of light required that 
the thought occurred to Baird: Why not 
dispense with visible light altogether and use 
invisible rays ? 

In order fully to understand this latest 
suggestion, and the developments which arose 
out of it, it might as well, at this point, to 
consider briefly the spectrum. 

Readers who are enthusiastic broadcast 
listeners will know that wireless waves are 
electrical vibrations the frequency of which 
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depends upon the wave-lengths. The longer 
the wave-length the lower the frequency. 
Wireless waves extend in length from a few 
centimetres, used only in the laboratory, to 
about 30,000 metres, as used by the great 
high-power transoceanic wireless-telegraph 
stations. The frequency of vibration of a 
I-metre wave is 300 million cycles per 
second, and that of a 30,000-metre wave is 
10,000 per second. 

Wireless waves, however, occupy but a 
small part of the spectrum. Visible light and 
the various invisible rays are, to-day, accepted 
as vibrations in the ether, just like wireless 
waves; only the frequencies at which light 
and other rays vibrate are very much higher 
than those of even the shortest wireless waves. 
А diagrammatic representation of the spec- 
trum, showing all the known frequency bands 
and the uses to which they are put, is given 
"in Fig. 31. | 

Of all the component parts, or sections of the 
spectrum, that section which is most familiar ' 
to non-technical members of the public is the 
visible spectrum. This contains the colours, 
and extends from violet, at the high-frequency 
end of the spectrum, to red at the lower end. 
As the frequency of the vibrations is reduced, 
so we pass through the entire range of colours, 
2 indigo, blue, green, yellow, orange, and 
red. 
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Of the entire frequency spectrum, the un- 
aided human senses are only capable of re- 
sponding to, or detecting, the colours lying 
between violet and red, i.e. the visible 
spectrum. То detect the other frequencies, 
special instruments are necessary, such as, 
for example, a wireless receiver, when it is 
desired to detect wireless waves, or a 
fluorescent screen when it is desired to make 
| visible X-rays or cathode rays. 

As was explained in Chapter IV, photo- 
electric cells are most sensitive to light rays 
lying at the upper end of the spectrum; 
such as, for example, ultra-violet rays. These 
latter are invisible to the unaided human eye. 

Selenium cells, on the other hand, are most 
sensitive to light rays lying at the lower end 
of the spectrum ; such as, for example, infra- 
red rays, which are also invisible. 

In his first attempts to apply invisible rays 
to his televisor, Baird turned to the upper 
end of the spectrum and tried ultra-violet 
rays. He found, however, that although the 
use of these rays gave results, they also 
caused serious discomfort to the eyes of 
sitters. Furthermore, ultra-violet rays have 
an extremely low penetrative power. They 
will not penetrate glass to any extent, and 
they soon become absorbed by the atmosphere. 

Dissatished with these rays, Baird turned 
to the other end of the spectrum, and used 
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infra-red rays. These rays, although they do 
not give such a strong photoelectric effect 
as ultra-violet rays, have a far greater pene- 
trative power, and are not absorbed to any 
appreciable extent. Furthermore, they have 
no injurious effects upon sitters. 

By using these rays in place of visible light, 
it was soon possible to dispense with visible 
light altogether, with the somewhat startling 
result that it has now become possible to see 
in total darkness ! 

This, perhaps, is the most spectacular 
development of all in connection with tele- 
vision, and it has a most uncanny and impres- 
sive effect upon visitors to a demonstration. 
The sitter goes into the transmitting studio, 
. and is immediately enveloped in complete 
darkness. He can see nothing, and yet his 
every movement is plainly visible on the tele- 
visor receiving screen. There is little differ- 
ence in the appearance of the received image 
whether visible light or infra-red rays are 
employed to iluminate the sitter. 

There are many purposes for which nocto- 
vision, as seeing in darkness has been called, 
might be usefully employed. Its value in 
warfare, for example, might well be incal- 
culable, for, by “ illuminating " the епету 5 
position at night by means of an infra-red 
ray search-ight, the rays of which would 
be invisible to him, and by using in con- 
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junction with it a televisor, surprise night 
attacks would be rendered impossible, for 
the movements of the attackers would at all 
times be under observation. 

It is to be hoped, however, that other uses 
may be found in times of peace for this latest 
development of television. The fact that 
іпіта-гей rays (in contrast to ultra-violet 
rays, which are speedily absorbed by ordinary 
atmosphere) possess very great powers of 
penetration opens up possibilities in connec- 
tion with the navigation of ships and aircraft 
during foggy weather. 

In order fully to understand the possi- 
bilities in this direction it is only necessary to 
consider the behaviour of ordinary visible light 
during foggy weather. The most intense 
white lights, it will be noticed, show through 
fog as a dull red colour. The thicker the fog 
the duller the red which shines through. 

This phenomenon is not due to any change 
in the characteristics of the original source of 
the light. The fact is that any given light 
source emits, not one single colour of light, 
but several, which combine to give the effect 
of a single colour when looked at with the 
naked eye. This can easily be demonstrated 
if а Љеат of sunlight is allowed to shine 
through a prism on to a wall. Not only 
wil the light beam be bent away from its 
original direction, but the reflection seen on 
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the wall will not be а monochrome spot of 
light, but a brilliant collection of all the colours 
of the rainbow. 

By means of suitable filters, all the colour 
components of a beam of light, except one, 
can be eliminated ; and fog acts as a filter 
which will only pass red light. 

An everyday example of the phenomenon 
can be seen at sunset on a cloudless but 
slightly hazy day. As the sun sinks into the 
haze near the horizon it turns redder and 
redder, until, just before it finally disappears, 
it looks like a ball of fire. Actually, the 
light shining from the sun has not changed at 
all; itis the haze which filters out, or absorbs, 
all other colours, allowing only the red com- 
ponent to reach the observer. 

The fog-penetrating power of light varies 
as the fourth power of the wave-length, so 
that red light penetrates fog some sixteen 
times better than blue light, and infra-red 
rays some sixteen to twenty times better 
still. | | 

Red light has already come widely into 
use in aerodromes and other places where 
powerful fog-penetrating lights are required. 
This new application of television renders 
possible the use of infra-red rays with their 
still greater penetrative powers. 

They will not, of course, be visible to the 
naked eye, even through fog. It will be 


THIS IS NOT A SNOW SCENE, BUT А VIEW PHOTOGRAPHED BY 
INFRA-RED RAYS BY PROF. R. W. WOOD (U.S.A.). 


Filters placed in front of the camera lens cut off all visible light and admit to the 
sensitive plate only the infra-red rays reflected back from the scene. 
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necessary at the receiving end (e.g. on board 
a ship at sea) to make use of a televisor in 
order actually to see through fog. 

In order to generate infra-red rays any 
form of lamp may be used which will pro- 
vide the necessary intensity of illumination, 
although certain types of lamps are richer 
in infra-red rays than others. Having 
selected a suitable light source, to obtain 
infra-red rays from it, all that is required is a 
filter which will cut off all the light frequencies 
but those belonging to the infra-red rays. 
Several substances may be used as filters, 
such as, for example, hard rubber, or ebonite. 

Thus, in order to transform an ordinary 
searchlight (the arc of which is already very 
rich in infra-red rays) it is only necessary to 
cover the front of it with a sheet of a suitable 
filter substance. 

For ordinary noctovision at short range 
(i.e. in the studio) it is only necessary to 
cover the studio lights with an infra-red filter. 
If banks of lamps are used to illuminate the 
sitter, they can be boxed in, and the front 
covered with an ebonite sheet. 

For ordinary television purposes there is, 
of course, no particular advantage to be gained 
from the use of infra-red rays, for it means 
that the object or scene being televised is, so 
far as the human eye can see, in total darkness ; 
and Mr. Baird does not employ invisible rays 
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for his television transmissions, but uses 
ordinary flood lighting such as is used in a 
photographer's studio. 

Thus, it is likely that noctovision will be 
developed independently of television (using 
visible light), and be specially developed for 
such particular purposes as have been sug- 
gested above. 


СНАРТЕК ХІП 
SEEING ACROSS THE ATLANTIC 


ON February oth, 1028, the world was 

startled to learn that during the early 
hours of the morning of that day, persons 
seated in London were clearly seen and 
recognised in New York! This means that 
the Atlantic has been spanned by television, 
a distance of over 3,500 miles. 

For months prior to the demonstration, 
secret experiments had been going on, using 
short-wave wireless as the transmitting 
medium. 

On the night of the demonstration there 
assembled at Baird's laboratory in London 
a small party made up of Press representatives 
and privileged guests, the author having the 
honour to be numbered among the latter. 
The transmissions commenced at midnight 
on the 8th, London time; or 7 p.m. on the 
8th, New York time. 

In order to give the watchers at the New 
York end an opportunity to adjust the receiv- 
ing apparatus, the image of a ventriloquist's 
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doll was first transmitted, a doll being used 
.because of the need for steadiness of the 
image during adjustment. 

The image sound of this doll, which sounded 
for all the world like the drone of a huge bee, 
was then sent over a telephone line to Baird's 
private experimental wireless station at 
Coulsdon, Surrey. The station has a power 
of only 2KW, and operates under the call 
sign 2KZ. From this station the image sound 
was then flashed across the Atlantic on a 
wave-length of 45 metres. - 

On the American side, the signal was picked 
up by an amateur receiving station at 
Hartsdale, a small town a few miles out of 
New York City. After amplification the 
signal was then applied to the receiving tele- 
visor, upon the ground-glass screen of which 
the image appeared. This screen measured 
about two inches by three inches. 

Four watchers were anxiously gathered 
round the apparatus. These included 
Reuter’s Press representative, Mr. Hart, the 
American owner of the receiving station, and 
two of Mr. Baird’s representatives, who had 
gone to New York specially to supervise 
the tests. 

When the image of the doll’s head had been 
satisfactorily tuned in, Mr. Hart started up his 
wireless transmitter, the call sign of which is 
2CVJ, and called Baird’s receiving station 
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at Purley. Using the Morse code, Mr. Hart 
asked that Mr. Baird should take his place 
before the transmitter instead of the doll. 
This message was telephoned from Purley 
to the transmitting laboratory in London. 

For half an hour Mr. Baird sat before the 
transmitter, moving his head this way and 
that, until the message came through from 
New York that his image had come through. 
One of the Press representatives then took 
Mr. Baird's place, and continued to sit before 
the transmitter until word came through that 
his image was coming through very well. 
It appeared that this particular sitter's 
features were unusually striking, from a 
television point of view, and transmitted 
better than those of other sitters. 

The wife of an American journalist who was 
present then took her place before the trans- 
mitter, and, although her features were not 
recognisable at the American end owing to 
atmospherics and fading of signals, there was 
no mistaking the fact that a woman was 
seated before the apparatus in London. 

Those assembled at the London end were 
able to see, on a check receiver, a pilot image 
of what was being transmitted. This image, 
which was full size, showed the head of the 
sitter, the complete details of the features 
showing in black relief on an orange-coloured 
background. By means of this pilot image 


158 TELEVISION 


the transmitting operator was enabled to 
check the outgoing transmission and correct 
any irregularities. From his control position 
in front of this pilot image, also, the operator 
was able, by means of a microphone and loud . 
speaker, to give instructions to the sitter as 
to what movements he should make to keep 
in focus, turn profile, etc. 

Atmospherics and other interference, and 
also fading of signals, marred the image as 
received at the New York end at times, but 
in spite of these disabilities reception was, on 
the whole, very good. The demonstration 
proved quite conclusively that if a much 
higher-powered wireless transmitter had been 
employed, the image would have been received 
in New York entirely free from atmospheric 
and other disturbances. The experiment also 
confirmed the statement which Baird has 
always made, to the effect that distance is 
merely a matter of power, and that it has no 
connection whatever with any development 
of the television apparatus itself. 

Again in contrast to the A. T. & T. demon- 
stration, Baird's transatlantic demonstration 
required the services of but two operators to 
attend to the television transmission, one at 
each end of the circuit. : 

On the night of March 5th-6th, 1928, these 
experiments were repeated on board the 
Cunarder Berengaria in mid-Atlantic, while 
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the receiving equipment was being brought 
back home from New York. The wave- 
length used was the same as before, 45 metres, 
and the demonstration was carried out with- 
out any interference at all from the liner's 
normal wireless installation, which was at 
work on longer wave-lengths. 

A little group of people, including pas- 
sengers, and some of the ship's officers, 
crowded together in a small reception room 
and saw projected on the televisor screen 
images of people sitting in the laboratory 
of the Baird Company in London. What 
they saw is perhaps best described in the 
words of Mr. W. Sutcliffe, Staff Chief Engineer 
of the Ветепрата, who states in a letter 
published in the May issue of the Television 
Magazine: 

“ Оп looking at the screen of the televisor, 
I saw rapidly moving dots and lines of orange 
light which gradually formed themselves into 
a definitely recognisable face. This image 
varied from time to time in clarity, but move- 
ments could be clearly seen, and the image, 
when clear, was unmistakable.” 

Another witness of the experiments was 
Mr. Stanley W. Brown, Chief Wireless 
Operator of the liner, who recognised on the 
screen the image of his fiancée, Miss Dora 
Selvey, who had been specially invited by 
the Baird Company to sit before the trans- 
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mitter in London. Mr. Brown recognised 
Miss Selvey first by her characteristic style 
of hairdressing, and was later convinced of 
her identity beyond all question when she 
turned profile. 

This remarkable achievement clearly de- 
monstrates a noteworthy field of utility for 
television. Years ago, passengers setting out 
on a long sea voyage lost all touch with their 
friends on land until they arrived at their 
destination. Now, thanks to wireless tele- 
graphy, voyagers and their friends may keep 
in close touch telegraphically. With the 
convincing evidence of the Berengaria de- 
monstration fresh in our minds; it is surely 
not too great a flight of imagination to 
visualise the time, not far distant, when 
those who go down to the sea in ships may 
be able to keep also in visual touch with 
those whom they have left behind them. 

There are signs already that this vision of 
the future may soon become a reality, for 
it has been announced by a group of American 
financiers who have taken over the American 
rights of certain of Mr. Baird's inventions, 
that they intend to make the Lewathan 
(America's largest liner) the world's first 
mobile television station. Negotiations are 
already in progress, it is understood, to equip 
the Lewathan with a television transmitter 
and receiver, working on the Baird system. 


MRS. HOWE (left) — THE FIRST WOMAN WHOSE IMAGE WAS TELE- 
VISED ACROSS THE ATLANTIC—SEATED BEFORE THE TRANSMITTER. 
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СНАРТЕК ХГУ 


TELEVISION ІМ DAYLIGHT AND TELEVISION ІМ 
COLOURS 


NE of the latest advances in television, 
made by Baird in June 1928, is the 
accomplishment of television by daylight. 
In previous chapters we have seen how the 
intense artificial illumination formerly re- 
quired was gradually reduced to ordinary 
photographic studio brilliancy, by increasing 
the sensitivity of the light-sensitive device. 
By using the light-spot system it became 
° necessary only to illuminate the face of the 
sitter by means of a tiny travelling spot of 
light. Then, by utilising infra-red rays, 
Baird was able to televise a person seated in 
what was apparently total darkness. 

As a result of further improvements in 
his light-sensitive device, Mr. Baird has now 
been able to remove his television transmitter 
from his laboratory and place it on the roof, 
so that the subject to be televised sits in 
ordinary daylight. Brilliant sunshine is not 
necessary ; the apparatus functions perfectly 
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even on a dull day, giving, on the receiving 
screen, an image equally as good as that 
obtainable when artificial light is employed 
to illuminate the subject. 

The importance of this advance lies in the 
fact that, for the first time, it has been 
possible to remove the television transmitter 
from the laboratory. А more extended field 
of view can be dealt with by daylight, and 
this marks the first step towards the day 
when it will be possible for us to witness at 
a distance, by television, such great outdoor 
events of national importance as the Derby 
or the Boat Race. Much still remains to be 
done before this will be possible, but the 
important point is that the first step has been 
taken. 

The possibility of transmitting television 
in colours has been visualised for some con- 
siderable time by those intimately connected 
with television developments, but this advance 
was only achieved practically on July 3rd, 
I928, when, by employing a three-colour pro- 
cess, Mr. Baird was able to demonstrate the 
transmission of images in their natural colours. 

This process is extremely interesting, and 
is essentially very: similar to the process 
employed in one of the forms of colour 
cinematography. It consists in presenting 
to the eye, in rapid succession, first a green 
image, then a blue, and then a red image. 
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These three colours form the well-known 
primary colours, from combinations of which 
any other colour or tint may be obtained. 
For example, purple is a mixture of red and 
blue, yellow is a mixture of green and red, 
and all other colours excepting the three 
primaries, red, green, and blue, are in a 
similar way composites of these three colours 
in varying | 
proportions. 
When the 
three colours 
are combined 
together they 
give to the 
human eye an 
impression of 
white. 

m 2 I = Fic. 32.—THE iier d FOR COLOUR 
used in these 

first experiments consisted of a disc perforated 
with three spirals of holes (thirty-six holes 
in each spiral) arranged consecutively round 
the disc, as shown in Fig. 32. This disc was 
used in conjunction with the light-spot system 
which has already been described in previous 
chapters. By using a disc with three sets of 
perforations it was possible to traverse the 
subject to be transmitted firstly with a blue 
spot of light, secondly with a red spot, and 
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thirdly, with a green spot, the perforations 
being covered with blue, red, and green light 
filters, as shown in Figs. 32 and 33. 

The operation of this mechanism, therefore, 
caused the light-sensitive cells to transmit 
first a picture which showed only the blue 
parts of the scene, then a picture showing 
only the red parts, and lastly a picture show- 
ing only the green parts of the image. 

At the receiving station a similar disc was 
used, the three sets of perforations, or spiral 
apertures, being covered by blue, red, and 
green filters respectively in a fashion similar 
to those of the transmitter disc. The 
difficulty at the receiving station, however, 
was to find a light source capable of generating 
blue, red, and green rays. 

The neon tube which has hitherto been 
used for reception, while exceedingly rich in 
red rays, has practically no blue and green 
components. Іп order to solve the problem, 
an attempt was made to construct a special 
glow-discharge lamp by mixing neon, helium, 
and mercury vapour. This experiment 
proved unsatisfactory, because the blue and 
red components, and also the green component, 
varied their proportions, depending upon 
variable conditions in the lamp. 

A solution of the difficulty was ultimately 
arrived at by making use of two separate 
lamps, one a glow-discharge lamp containing 
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neon and the other containing helium and 
mercury vapour, the mercury vapour pro- 
viding a very intense green component and 
also part of the blue. The addition of helium 
in this lamp assisted in the production of the 
blue component. 

By means of a commutator it was arranged 
that while the red viewing holes of the 
receiving disc were between the eyes of the 
viewer and the lamps, only the neon lamp 
was illuminated, and when the blue and 
green holes had rotated to the correct position 
the helium and mercury lamp was switched 
into circuit. The layout of the receiver is 
shown in Fig. 34. 

It will be seen that in this arrangement, 
although there are three separate images, 
these images are transmitted in succession, 
and only one channel of communication is 
necessary for transmission. 

On the other hand, the rate of transmission 
must theoretically be increased three times, 
as there are three times as many images being 
transmitted per second. In practice, how- 
ever, it is found that it is not necessary to 
increase the speed so greatly, for the images 
have many parts in common, and a much 
lower speed may be used without introducing 
a disagreeably noticeable flicker. 

By means of this apparatus very successful 
demonstrations of colour television were 
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Fic. 34.—DIAGRAMMATIC REPRESENTATION OF THE COLOUR 
TELEVISION RECEIVER. 


When the red spiral of holes in the transmitting disc is passing through 
the exploring light spot, it is arranged that the eye of the observer at 
the receiver shall also be looking through the receiver red spiral at the 
neon tube. When the blue and green spirals are passing through 
the light spot, the observer looks оп the blue and green receiver 
spirals at the helium and mercury tube combination. Colours are 
reproduced by the combined effect of the different coloured spirals. 
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given, and such objects as flowers, baskets 
of fruit, and other coloured articles such as 
a policeman's helmet appeared very vividly 
in their natural colours. Various shades of 
colour were also transmitted, a human face 
being portrayed on the receiving screen in 
a shade of pink different from that of the 
tongue. 

The addition to television of reproduction 
in natural colours indicates a greatly increased 
field of utility, as obviously there are many 
objects and scenes which depend for their 
visual value entirely upon colour; one has 
only to witness colour cinematography as 
compared with the ordinary black-and-white 
film to appreciate in full the force of these 
remarks. 

The author had the privilege of being 
present at demonstrations both of colour and 
of daylight television. The colour trans- 
mission demonstrations were amazingly vivid, 
the colours standing out most strikingly, 
particularly in the cases where the images . 
of flowers and fruit were being received. 
The natural effect of the images, as seen on 
the televisor screen, was very greatly im- 
proved by the addition of colour, and colour 
television unquestionably marks a very great 
advance and opens up an entirely new field in 
television research. 

In colour television, due to the absorption 
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of the colour filters, only a very small amount 
of light is thrown back upon the photo- 
electric cells, and to increase this amount, 
an arrangement of mirrors is used in the form 
of a box around the object and cells, so that 
the effect of multiple images is obtained and 
the effective light is multiplied very greatly. 
The arrangement is shown in Fig. 35. 


CHAPTER XV 
STEREOSCOPIC TELEVISION 


ON August oth, 1928, still another remark- 

able advance was demonstrated in the 
Baird Laboratories—television in stereoscopic 
relief. Before proceeding to describe this 
development it is, perhaps, desirable to 
describe briefly a phenomenon of vision which 
is -seldom appreciated, especially by the 
younger generation who do not remember the 
stereoscope which was at one time to be 
found in almost every household as a form of 
parlour entertainment. 

To those of us who still retain the unim- 
paired use of both eyes, all vision is stereo- 
scopic. That is to say, when we look at any 
object or scene we gain an impression of 
stereoscopic relief, depth, or distance. From 
it we derive a sense of proportion. A distant 
house, as seen through the window, may 
appear no bigger than the flower pot standing 
on the window table, yet our eyes tell us that 
the apparent similarity in size is due entirely 
to the fact that the house is much farther away 
and is, as an artist would say, foreshortened. 
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The false impression is, of course, corrected 
very largely by our experience, which tells 
us that a house and a flower pot are two 
totally different things. We know from ex- 
perience that a house is a vastly larger object 
than a flower pot. But show the same scene 
to a savage who has never seen either a 
flower pot or a house, and he will be able to 
tell you that the house is a much bigger thing 
than a flower pot. 

The savage is able to do this because the 
use of his two eyes gives him an impression 
of distance, He can estimate how far away 
the house is, and by comparison draw the 
conclusion that the house is a much larger 
object, even though he has never seen one 
before, Had he but one eye, however, the 
picture which he saw would be flat, like a 
Scene on a cinema screen, and, having no 
previous experience to guide him, he would 
be totally unable to distinguish between the 
relative sizes of the two objects, or form any 
estimate as to the distance away of the house. 
· Readers should try the experiment of looking 
at a scene with one eye only. 

Take an ordinary р ошар. It lacks 
solidity and depth, If it represents a familiar 
scene, then our experience enables us to 
visualise the scene in its proper proportions, 
If the scene is a totally unfamiliar one, then 
it is impossible for us to gain from a photo- 
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graph a true idea of the scene or object which 
it represents, and this is especially true as 
regards its proportions. It is for this reason 
that certain unfamiliar objects, such as the 
anchor of the world's newest and largest 
ocean liner, are usually photographed in con- 
junction with a familiar object. For example, 
an anchor is usually photographed with a 
man standing beside it, in order to convey in 
a manner otherwise impossible a true im- 
pression of the immensity of the anchor, 

Normal vision shows us objects in relief, 
so that we can judge distances and sizes, 
and tell at once the difference between a 
photograph of an object and the object itself, 
in that one is merely a flat subject, whereas 
the other has depth. This effect of depth and 
relief is due principally to the fact that our 
visual impression is a combination of the 
images seen by our two eyes, 

The left eye sees a slightly different view 
of any object to that seen by the right eye, 
and the brain combines these two slightly 
dissimilar views to give us an impression of 
solidity and depth. 

In the once familiar stereoscope, advantage 
is taken of this principle in order that a 
photograph may be reproduced in a life-like 
manner. Two photographs are taken simul- 
taneously by two cameras (combined in one 
case), the lenses of which are separated by a 
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distance equivalent to the separation of the 
two eyes, which is about four and a half 
inches. These two cameras, therefore, pro- 
duce two photographs of the same object, 
from a slightly different point of view. 

The finished photographs are then mounted 
side by side, and viewed through a combina- 
tion of prisms, which have the effect of making 
the right eye see only the photograph taken 
by the right-hand camera, and the left eye 
see only the photograph taken by the left- 
hand camera, and of superimposing these 
two images. "We then gain an effect exactly 
similar to that obtained by viewing the 
object itself, ie., we see, not an ordinary 
flat photograph, but, as it were, the actual 
object or scene itself. 

The great advantage of stereoscopic photo- 
graphs, viewed through a stereoscope, is, 
therefore, that we gain a really true-to-life 
impression of the scene being viewed. By 
adding colour photography to the process, 
the scenes, viewed in their natural colours, 
take on a startlingly realistic appearance. 
Perhaps the most valuable application of 
stereoscopy, however, is in connection with 
ге шош for artillery or other pur- 


By applying these principles to television, 
Mr. Baird succeeded, as mentioned in the 
opening sentence of this chapter, in trans- 
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mitting television images in stereoscopic 
relief. The stereoscopic effect is obtained by 
sending two images alternately, one image 
corresponding to that seen naturally by the 
left eye of the observer, and the other to 
that seen by the right eye. 

At the transmitter a disc containing two 
separate spirals of holes is used, one spiral 
being near the periphery, and the other 
spiral four and a half inches nearer the 
centre, so that the two spirals are separated 
roughly by the distance between the two 
human eyes. The arrangement is shown in 
Fig. 36, where B indicates a disc laid out for 
Stereoscopic television in monochrome, and 
А represents a disc with two triple spirals, 
as required for stereoscopic television in 
colours. In the latter case the holes are 
covered with appropriately coloured filters, 
as described in Chapter XIV. 

Two lenses are employed to bring to a 
focus the beams of light from two light sources, 
so that the object the image of which is to be 
transmitted is traversed alternately by a 
poni of light projected from the left-hand 
ens, and then by a point of light projected 
from the right-hand lens. The light reflected 
back from these points falls on to a photo- 
electric cell, or battery of cells, which trans- 
form the light impulses into electrical im- 
. pulses, which are transmitted to the distant 
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receiver, after amplification, in the form of 
an undulating electric current. А plan of 
the transmitter layout is shown in Fig. 37. 


Fic. 36.—DIAGRAMMATIC REPRESENTATION OF DISCS USED FOR 
STEREOSCOPIC TELEVISION. 
Disc B is arranged for television in monochrome. Disc A is provided 
with two triple sets of spirals for stereoscopic television in colours. 
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At the receiver a disc geometrically similar 
to that in use at the transmitter revolves in 
step with the transmitting disc, so that two 
images appear side 
by side on the re- 
ceiving screen, one 
image corresponding 
to the object as seen 
by the left eye, and 


DISC 


Gung УмНаУТТЕФ 


Fic. $7.—PLAN OF THE ARRANGEMENT OF THE STEREOSCOPIC 
TELEVISION TRANSMITTER. 


The rotation of the disc causes the sitter's head to be traversed by 
& point of light issuing alternately from lens L and lens R. The 
photo-electric cells, immediately in front of the sitter's face, pick up 
the light reflected from his face, and transform it into electrical impulses 
which are transmitted to the receiver. 
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the other corresponding to the object as seen 
by the right eye. 

These two slightly dissimilar images com- 
bine when viewed through a stereoscope, 
so that the observer gains an impression 
of stereoscopic relief and solidity. A plan 


Fic. 38.—PLAN ӨР THE ARRANGEMENT OF THE STEREOSCOPIC 
RECEIVER. 


А disc similar to that in use at the transmitter is employed. Тһе 
observer looks through a stereoscopic viewing arrangement, and 
through the two sets of spiral holes in the disc, at the fluctuating 
brilliancy of the neon tube behind the disc. Two images are formed, 
which blend together when looked at through the stereoscope. For 
stereoscopic television in colours, two sets of red, green, and blue 
images are transmitted and received successively, the combined effect 
on the retina being that of one image. in natural colours, in perfect 
stereoscopic relief. _ 


view of the receiver is given in Fig. 38, which 
portrays an observer watching the fluctuating 
brilliance of the neon tube through, first, a 
stereoscopic viewing arrangement, and second, 
through the two spirals of holes in the revolv- 
ing receiving disc. 

At the demonstration of stereoscopic tele- 
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ONE COMMERCIAL FORM OF THE BAIRD TELEVISOR, FOR HOME USE. 


Behind the grill on the left is a loud speaker. Тһе image of the head and shoulders 
of the distant speaker or singer appears on the screen at the right. 
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vision previously referred to, the image of 
one of the laboratory assistants was very 
clearly transmitted in perfect relief. The 
author, who was present, could not help 
being struck by the extraordinary vivid and 
life-like appearance of the stereoscopic image, 
as compared with the ordinary “ single eye ” 
television image. In the opinion of all 
present, including several prominent scientists, 
the experiments promised considerable de- 
velopment and importance in their practical 
application. 

The enormous possibilities of television, 
especially when used in conjunction with 
invisible rays or gramophone records, or as 
adapted to the transmission in their natural 
colours of scenes illuminated by ordinary 
daylight, stir the imagination and open up 
long vistas crowded with marvellous visions, 
far transcending the potentialities of even 
the fabled Magic Carpet. 

Today we sit at home, turn a dial, and 
listen to speech, music, and native sounds 
from far-distant lands. 

Tomorrow we shall, by an equally simple 
action, be able to bring into our homes not 
only the sounds but also the sights of these 
lands, faithfully reproduced in their natural 
colours. Add to this the ability to witness 
these scenes in stereoscopic relief, and we may 
well rub our eyes and wonder if we have not, 
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by some form of magic, been personally 
transported right into the very midst of the 
scenes which we shall see on the screen of 
our stereoscopic colour televisor, and the 
sounds of which we shall simultaneously 
hear through the medium of our loud speaker. 


THE END 


The very latest information concern- 
ing television developments in 
all parts of the world is to 
be found monthly in 
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In 1924 Mullard invented a 
filament construction which 
is only now being attempted 
by other designers. 

This 4 years’ lead has been 
maintained and constant im- 
provements made to the 
Mullard P.M. Filament. 

The 1929 Mullard P.M. Valves 
which you can now buy are 
virtually 1933 valves—still 4 
years ahead! 


Mullard 


THE -MASTER. VALVE 
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